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CLAIMS 



[Claim(s)] 

[Claim 1] By the CAD system, each side of the input figure corresponding to a mask pattern The process which is the LISA 
IJINGU method of the mask pattern which the exterior or the interior of the input figure is made to carry out a parallel 
displacement, and obtains an enlarged-view form or a reduction figure, and judges whether the aforementioned input figure 
contains an oblique side, The process which judges whether the peak is influenced of an oblique side for every peak of the 
input figure when the input figure contains the oblique side, The process which makes each endpoint corresponding to the 
peak at the time of carrying out the parallel displacement of the side of the couple of the input figure which faces across the 
peak to the interior or the exterior of a figure when the peak of an input figure is influenced of an oblique side the peak of a 
temporary figure with the peak, When the peak of an input figure is not influenced of an oblique side The process which 
carries out the parallel displacement of the side of the couple of the input figure which faces across the peak to the exterior or 
the interior of a figure, respectively, and makes the intersection of each side by which the parallel displacement was carried 
out, or the intersection of the extension wire of each side by which the parallel displacement was carried out the peak of the 
temporary figure to the peak of an input figure, The LISA IJINGU method of the mask pattern characterized by including the 
process which connects each peak of the obtained temporary figure and generates a temporary figure, and the process which 
carries out the OR operation of the generated temporary figure. 

[Claim 2] The LISA IJINGU method of the mask pattern according to claim 1 characterized by what is judged by whether 
the oblique side is contained in the side of the couple which faces across each peak where each peak of an input figure 
adjoins [ whether it is influenced of an oblique side, and ] the peak. 

[Claim 3] The LISA IJINGU method of a mask pattern according to claim 1 that each peak of an input figure is characterized 
by judging whether it is influenced of an oblique side based on the angle of each peak contiguous to the peak. 
[Claim 4] The LISA IJINGU method of a mask pattern according to claim 1 that each peak of an input figure is characterized 
by judging whether it is influenced of an oblique side based on the sum of the angle of the peak, the angle of each peak 
contiguous to the peak, and the angle of each of each peak which adjoins the angle of the peak. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates the mask pattern carried out using a CAD (Computer Aided Design) system to 

expansion data processing and the LISA IJINGU method which carries out reduction data processing. 

[0002] 

[Description of the Prior Art] LSI is designed by the CAD system with large-scale high integration of LSI now. Especially, 
the figure calculation function must not be in the artwork system for a mask pattern. 

[0003] As one of the figure operations, LISA IJINGU (resizing) which performs expansion and reduction of a mask pattern 
is used for the design rule verification about the minimum spacing and the minimum width of face of a mask pattern, 
extraction of the field which can be wired, a notch, removal of a salient, etc. LISA IJINGU in this case is operation which 
only the change width of face specified the exterior or inside the figure carries out the parallel displacement of each of that 
side by making a mask pattern into an input figure, and obtains an enlarged-view form or a reduction figure, and is not 
operation of obtaining a similar figure. 

[0004] For example, operation of only the specification width of face d making the parallel displacement of each side of the 
input figure 30 carrying out outside, respectively as shown in drawing 18 (b) by making a mask pattern as shown in drawing 
18 (a) into the input figure 30, and obtaining enlarged-view form 5 1 is LISA IJINGU (expansion operation), and as shown in 
drawing 18 (c), it differs from operation of making each side of the input figure 30 expanding, respectively, and obtaining a 
similar tigure 32. 

[0005] By the expansion operation (expanding) in LISA IJINGU As are shown in drawing 19 (a), and the external field 33 in 
the range of the specification width of face d also makes it the fundamental concept to treat as the interior of a figure from 
each side of the input figure 30 and a reduction operation (shrinking) shows to drawing 19 (b) It is making into the 
fundamental concept to also treat the internal field 34 which is in the range of the specification width of face d from each 
side of an input figure as the exterior of a figure. If the interior angle of the peak in the input figure 30 is a salient (it is 
smallness from pi) in the case of the expansion operation, the peak will become radii-like by expanding only the 
specification width of face d. 

[0006] For example, as shown at drawing 19 (c) in the case of an expansion operation, although peak 30a from which the 
interior angle in the input figure 30 turned into a salient disappears when each sides 30b and 30c which constitute the peak 
carry out a parallel displacement, respectively, when the sector interpolation figure 35 interpolates, it becomes radii-like. 
However, in the mask pattern, difficult, from the bird clapper, handling adds the additional figure 36 surrounded by each 
tangent and radii portion of ends of a radii portion in the sector interpolation figure 35 to the sector interpolation figure 35, 
and if the circular sector interpolation figure 35 exists, as shown in drawing 19 (d), as shown in drawing 19 (e), it is changing 
the sector interpolation figure 35 into the square interpolation figure 37. Thereby, enlarged-view torm (LISA IJINGU figure) 
3 1 shown in drawing 19 (f) are obtained. 

[0007] The reduction tigure (LISA IJINGU figure) 38 shown in drawing 19 (g) is obtained by treating the square 
interpolation figure from which the additional figure surrounded by each tangent and radii portion of ends of a radii portion 
in a sector interpolation figure was similarly added to the sector interpolation figure in the reduction operation and which it 
consisted of as the exterior of a figure. 

[0008] Thus, the obtained LISA IJINGU figure is used for the rule verification about the minimum spacing and the minimum 
width of face of a mask pattern of IC, extraction of the field which can be wired, a notch, removal of a salient, etc. 
[0009] While design rule verification of minimum spacing judges whether it is mutually separated only from the minimum 
spacing d two or more mask patterns were specified to be, when minimum spacing d is not being filled, it is processing 
which specifies the portion, for example, as shown in drawing 20 (a), when the input figures 41 and 42 equivalent to the 
mask pattern of the couple which became parallel to mutual verify whether minimum spacing d is satisfied As are shown in 
drawing 20 (b), and an expansion operation is carried out by one half of the width of face of minimum spacing d and each 
input figures 41 and 42 are shown in drawing 20 (c) When the LISA IJINGU figures 43 and 44 by which the expansion 
operation was carried out have lapped mutually, each input figures 41 and 42 are specified in the lap portion 45 as what has 
not satisfied minimum spacing d. 

[0010] The minimum width-of-face verification for example, the figure 46 equivalent to the mask pattern of a configuration 
as shown in drawing 21 (a) As it is the processing which verifies whether the minimum width-of-face size is satisfied, the 
reduction operation of the input figure 46 equivalent to a mask pattern is carried out by one half of the width of face of the 
minimum width-of-face size d and it is shown in drawing 21 (b) If the LISA IJINGU figure 47 by which the reduction 
operation was carried out is divided into two or more figures 47a and 47b, as shown in drawing 21 (c), the separated portion 
48 specifies as what has not satisfied the minimum width-of-face size d. 

[001 1] Extraction of the field which can be wired like [ as shown in drawing 22 (a) ] the field already wired As shown in 
drawing 22 (b), three input figures 51, 52, and 53 which show the field whose wiring is impossible As only the size d equal 
to the sum of the one half and wiring minimum spacing of wiring width of face carries out an expansion operation, 
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respectively and is shown in drawing 22 (c), each LISA IJINGU figures 54 and 55 by which the expansion operation was 
carried out, and fields 57 other than 3t> are extracted as a field which can be wired. 

[0012] The width-of-face size of a notch [ in / a mask pattern / with removal of a notch or a salient ] (interval of a notching 
portion), Or when the width of face of a salient has not satisfied the minimum size, as a part for the notch portion or a height 
is removed and it is shown in drawing 23 (a) In the case of the input figure 61 which has notch 61a, with one half of the sizes 
of the minimum width-of-face size d of notch 61a, the expansion operation of the figure 61 is carried out, and as shown in 
drawing 23 (b), the LISA IJIGU figure 62 by which the expansion operation was carried out is obtained. Then, as shown in 
drawing 15 (c), only the same size (d/2) carries out the reduction operation of the LISA IJINGU figure 62 by which the 
expansion operation was carried out. When the width-of-face size of notch 61a has not satisfied the minimum width-of-face 
size d, notch 61a will be removed by the LISA IJINGU figure 63 obtained according to a reduction operation. 
[0013] With increase of the number of figures by the large-scale integration of IC, help processing becomes difficult and the 
figure operation which processes the figure group which constitutes the mask pattern of IC is processed by the CAD system. 
For example, the method of creating automatically the overlap between the contiguity patterns to which the computer was 
applied is indicated by JP,3-9474,A, and the method of creating the mask data for semiconductor manufacture using CAD 
data is indicated by JP,6-191 10, A. 

[0014] Moreover, the various proposals of the high-speed algorithm are made from the need of processing a huge number of 
figures at the figure operation. 

[0015] For example, the OR operation which is one of the figure operations is reported to "A Concurrent pattern Operation 
Algorithm for VLSI Mask Data (Prod 8 th Design Automation Conference, 1981)" (let this report be a conventional method 
1 hereafter). An OR operation is an operation which extracts the boundary line which separates the field with which one or 
more figures have lapped, and the field where one does not have a figure, and by this report, if the total number of the peaks 
of the input figure group before OR-operation execution is set to n, it can obtain the figure group after an OR operation by 
the calculation complexity of O (n log n). 

[00 1 6] An example of an OR operation is shown in drawing 24 . As shown in drawing 24 (a), in carrying out the OR 
operation of the square small input figure 65, the square big input figure 66, the input tigure 67 of the rectangle to which the 
part lapped with the input figure 66 of this big square, and the input figure 68 that shows opening of a still smaller rectangle, 
it vectorizes all the sides of each input figures 65-68. In this example, each side is vectorized so that the interior of a figure 
may become right-hand side for convenience, therefore each side of the input figure 68 of opening is vectorized so that the 
interior of opening may become left-hand side. And the. number of laps of the input figures 65-68 is obtained from the sense 
of a vector, and one or more portions are taken out for the number of laps. Usually, the number of laps of one input figure 
which is not opening is 1, and the outside of a figure is 0. Moreover, in the portion with which two input figures have lapped, 
the number of laps is 2 and, as for opening, the number of laps is set to -1 . As a result of an OR operation, the figure shown 
in drawing 24 (b) is obtained, and the input figure 68 of opening which became negative disappears. 
[00 17 J Moreover, expansion and the reduction operation of a figure are reported to "An 0(n log n) algorithm forLSI layout 
resizing problems (85 ISCAS '1985)" (let this report be a conventional method 2 hereafter). In this report, a LISA IJINGU 
figure is obtained by performing separately expansion of the direction of X, expansion of reduction and the direction of Y, or 
reduction. 

[0018] For this reason, theoretically, when the total number of the peaks of an input figure group is set to n, although it can 
process in the calculation complexity of O (n log n), since expansion with the direction of X and the direction of Y or 
reduction is carried out separately, there is a problem that improvement in the speed of the processing time is difficult. 
[0019] And since it is aimed at the figure which consists only of the level side and the perpendicular side parallel to the 
direction of X, and the direction of Y fundamentally, although the input figure which has angle (45 degrees or 135 degrees) 
of an oblique side to the X-axis is also possible for LISA IJINGU processing, processing of an oblique side becomes 
complicated. For example, as shown in drawing 25 (a), neither the input figure 70 which has the short level side 73 among 
the oblique sides 71 and 72 of a couple, nor a LISA IJINGU figure exact as shown in drawing 25 (b) rather than the length of 
the level side 73 and the perpendicular side 76, when carrying out the expansion operation or trie input figure 77 which has 
the short perpendicular side 76 between an oblique side 74 and the level side 75 by major-change width of face is obtained. 
The exact expansion data-processing figure of each figure will be disappeared by the level side 73 and the side corresponding 
to the perpendicular side 76, respectively, as an alternate long and short dash line shows to drawing 25 (a) and (b). In order to 
obtain such an exact expansion data-processing figure, intersection calculation of intersection calculation of the oblique sides 
71 and 72 of the couple which faces across the level side 73, the oblique side 74 which faces across the perpendicular side 
76, and the perpendicular side 75 is needed for expansion processing of the direction of X of each side, and the direction of 
Y further, respectively. Therefore, it is not easy to be unable to obtain an exact LISA IJINGU figure, if such complicated 
processing is not added, but to accelerate the processing time. 

[0020] Furthermore, in order to obtain a LISA IJINGU figure for the input figure which becomes "the 
enlarging-or-contracting technique (Information Processing Society of Japan research report DA 43-4 and 1988-7) of an LSI 
pattern including the arbitrary angle side" from the arbitrary angle side, the method of obtaining a LISA IJINGU figure is 
indicated by generating a middle temporary figure and carrying out the OR operation of the generated temporary figure (let 
this be a conventional method 3 hereafter). 

[0021] The flow chart of this conventional method 3 is shown in drawing 26 . In this conventional method 3, first, if the 
change width of face d is read (step 26- of drawing 26 (a) it is the same as that of 1 and the following), the input figure group 
S which consists of two or more input figures will be read (Step 26-2). And the OR operation of the read input figure group S 
is carried out (Step 26-3). 

[0022] When a mask pattern is inputted as a figure group constituted by two or more figures, expansion data processing or 
before carrying out reduction data processing, an OR operation is needed in a mask pattern. For example, if expansion data 
processing of it is carried out without carrying out OR-operation processing when the mask pattern 80 shown in drawing 27 
(a) is inputted as input figures 81, 82, and 83 of three rectangles, as shown in drawing 27 (b), as shown in drawing 27 (c) all 
-- an input - a figure - 81 -- 82 - 83 -- expansion - data processing ~ carrying out - having ~ a sake -- each - an input -- a 
figure - 81 - 82 - 83 - receiving -- an enlarged view type - 81 - * « 82 - ' - 83 - * - obtaining - having -- these - an 
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enlarged view — type — 81 -- 1 -- 82 — 83 — ' — an OR operation - processing -- carrying out — even if -- being exact — 
LISA -- IJINGU - a figure -- For this reason, when a mask pattern is inputted by the figure group which consisted of two or 
more figures, an OR operation is needed to the input figure group. 

[0023] Then, a temporary figure is generated to all the N input figures, using the number of figures after OR-operation 
processing of an input figure group as N (Step 26-4) (Step 26-5 to 26-18). 

[0024] On the occasion of generation of a temporary figure, the number of the peaks of the input figure F is set to M, using 
the n-th input figure as F (Step 26-6) (Step 26-7^ all the peaks are oriented as a peak train, and each side is vectorized (Step 
26-8). And the peak of a temporary figure is generated to all the peaks (Step 26-9 to 26-16). 

[0025] The peak of a temporary figure sets to W the peak which adjoins the peak which adjoins an opposite side with the 
direction of the vector of V and its peak V in the m-th peak of the peak train in the input figure F in U and the direction of a 
vector of the peak V (Step 26-10), and LISA IJINGU judges an expansion operation or a reduction operation (Step 26-1 1). 
And when LISA IJINGU is an expansion operation, the interior angle of the peak V judges a salient (it is smallness from pi), 
and a reentrant angle (it is size from pi) (Step 26-12). When the interior angle of the peak V is a salient, let the intersection of 
each vectors acquired in the sides UV and VW of the couple which faces across the peak V by carrying out the parallel 
displacement only of the change width of face d to the exterior of an OR-operation figure, respectively, or those extension 
wire be the peak of a temporary figure (Step 26-14). The generation method of the peak of such a temporary figure is made 
into Process A. 

[0026] moreover, when LISA IJINGU is an expansion operation and the interior angle of the peak V is a reentrant angle the 
peak -- V - inserting -- a couple -- the side -- UV -- and — VW -- respectively ~ change — width of face — d - only - an OR 
operation — a figure — the exterior — a parallel displacement — carrying out — obtaining — having — each ~ a vector — U'V -- 
' — and — V"W — ' - the peak - V - corresponding -- each -- an endpoint « V — ' — and -- V -- " — The peak V of an input 
figure is registered as the peak of a temporary figure in order of V, V, and V", respectively (Step 26-15). The generation 
method of the peak of such a temporary figure is made into Process B. 

[0027] When LISA IJINGU is a reduction operation, the interior angle of the peak V judges a salient (it is smallness from 
pi), and a reentrant angle (it is size from pi) (Step 26-13), and when the interior angle of the peak V is a reentrant angle, 
contrary to the case of an expansion operation according to Process A Let the intersection of the vectors acquired in the sides 
UV and VW of the couple which faces across the peak V by carrying out the parallel displacement only of the change width 
of face d to the interior of an OR-operation figure, respectively, or those extension wire be the peak of a temporary figure 
(Step 26-14). When LISA IJINGU is a reduction operation and the interior angle of the peak V is a salient a process -- B -- 
the peak ~ V - inserting -- a couple - the side - UV « and -- VW -- respectively -- change -- width of face ~ d -- only -- an 
OR operation -- a figure -- the interior a parallel displacement - carrying out ~ obtaining - having - each -- a vector — 
U'V -- ' - and - V"W « ' ~ the peak ~ V - corresponding -- an endpoint -- V - ' - and - V -- " - The peak V of an 
OR-operation figure is registered as the peak of a temporary figure in order of V, V, and V", respectively (Step 26-15). 
[0028] A temporary figure is generated by carrying out generation of such the peak of a temporary figure to all the figures 
produced by the OR operation (Step 26-17), and connecting in order the peak where the temporary figure was registered 
(Step 26-18). And the OR operation of the generated temporary figure is carried out (Step 26-19), and the figure by which 
the OR operation was carried out is outputted as a LISA IJINGU figure S (Step 26-20). Although the temporary figure will 
be crossed by the side, it is made an exact LISA IJINGU figure by the OR operation. 

[0029] In this conventional method 3, as shown in drawing 28 (a), when the number of the peaks is the input figure 84 of 1 8, 
as shown in drawing 28 (b), let the number of the peaks be the temporary figure 85 of 32, for example. 
[0030] In such an operation art, by processing of the any 1 direction of the direction of X, or the direction of Y, even if the 
oblique side is included, an exact LISA IJINGU figure without an error can be obtained. Moreover, each peak of an 
OR-operation figure is processed in order along the side, and in order to end by going around an OR-operation figure, it can 
process easily by the trouble of O (n). Furthermore, the calculation complexity of O (n log n) is realizable like the case of the 
OR operation of a conventional method 2 by adopting a conventional method 1 as the OR operation carried out for 
neighboring intersection processing. And since internal data structure becomes a linear list, it becomes possible to process 
rather than the case where the in-house data is not a linear list, like a conventional method 2 at high speed. 
[0031] 

[Problem(s) to be Solved by the Invention] In a conventional method 3, since a temporary figure is generated by the 
calculation complexity of O (n log n), the time which the OR operation of a temporary figure takes the machine time of the 
whole processing is almost the case. However, in order to consider as the process B which the peak of an input figure judges 
a salient or a reentrant angle, and considers as the process A which generates only the one peak of a temporary figure on the 
occasion of generation of the peak of a temporary figure, or generates the three peaks When the peak of an input figure is a 
reentrant angle (or salient) at the time of an expansion operation (or reduction operation), three will be generated as the peak 
of the temporary figure corresponding to the peak. Consequently, the number of the peaks of a temporary figure increases 
and there is a problem that the OR operation of a temporary figure takes a long time. 

[0032] As a method of cutting down the total number of the peaks of a temporary figure, generating the peak of one 
temporary figure to each peak of an input figure is also considered by applying the process A of a conventional method 3 for 
generation of the peak of a temporary figure. Hereafter, this is made into a conventional method 4 and the flow chart is 
shown in drawing 29 . In the flow chart of drawing 29 , the above-mentioned process A generates all the peaks of a 
temporary Tigure (Step 29-1 1), and other steps are the same as that of the flow chart of a conventional method 3 shown in 
drawing 26 . 

[UU33J Unly the specification width of face d carries out the parallel displacement of the two sides which face across the 
peak, and the generation method of each peak of the temporary figure in this conventional method 4 makes the intersection 
of each side by which the parallel displacement was carried out, or the intersection of the extension wire of each side by 
which the parallel displacement was carried out the peak of a temporary figure. Therefore, the one peak of a temporary figure 
is generated to the one peak of an input figure. And a temporary figure is generated by connecting the peak of a temporary 
figure in order. Therefore, the oblique side is contained in the input figure, moreover, when there are many peaks of an input 
figure which became a reentrant angle (at or the time of a reduction operation salient) at the time of an expansion operation, 
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the total number of the peaks of a temporary figure can be lessened compared with a conventional method 3, and the time 
which an OR operation takes is also shortened. 

[0034] However, as shown in drawing 30 (a), when the input figure 86 which consists of two or more squares has an oblique 
side, the expansion operation tigure 87 shown with an alternate long and short dash line is obtained, and since partial 87a 
which should be treated as the interior of a figure is originally recognized as the exterior of a figure, the mistaken temporary 
figure is generated. Also in the case of the input figure 88 which similarly has an oblique side as shown in drawing 30 (b), 
the mistaken temporary figure partial 89a by which the expansion operation figure 89 should be treated as the interior of a 
figure has been recognized to be as the exterior of a figure is generated. 

[0035] this invention solves such a problem, and the purpose is in offering the LISA IJINGU method of the mask pattern 
which can obtain an exact LISA IJINGU figure at high speed, when the figure which constitutes the mask pattern of IC 
contains the oblique side. 
[0036] 

[Means for Solving the Problem] The LISA IJINGU method of the mask pattern of this invention By the CAD system, each 
side of the input figure corresponding to a mask pattern The process which is the LISA IJINGU method of the mask pattern 
which the exterior or the interior of the input figure is made to carry out a parallel displacement, and obtains an 
enlarged-view form or a reduction figure, and judges whether the aforementioned input figure contains an oblique side, The 
process which judges whether the peak is influenced of an oblique side for every peak of the input figure when the input 
figure contains the oblique side, The process which makes each endpoint corresponding to the peak at the time of carrying 
out the parallel displacement of the side of the couple of the input figure which faces across the peak to the interior or the 
exterior of a figure when the peak of an input figure is influenced of an oblique side the peak of a temporary figure with the 
peak, When the peak of an input figure is not influenced of an oblique side The process which carries out the parallel 
displacement of the side of the couple of the input figure which faces across the peak to the exterior or the interior of a 
figure, respectively, and makes the intersection of each side by which the parallel displacement was carried out, or the 
intersection of the extension wire of each side by which the parallel displacement was carried out the peak of the temporary 
figure to the peak of an input figure, It is characterized by including the process which connects each peak of the obtained 
temporary figure and generates a temporary figure, and the process which carries out the OR operation of the generated 
temporary figure, and the above-mentioned purpose is attained by that. 

[0037] In addition, it is desirable to judge based on the sum of the angle of the peak, the angle of each peak contiguous to the 
peak, and the angle of each of each peak which adjoins the angle of the peak based on the angle of each peak contiguous to 
whether the oblique side is contained in the side of the couple which faces across each peak where each peak of an input 
figure adjoins [ whether it is influenced of an oblique side and ] the peak, and its peak. 
[0038] 

[Function] By the LISA IJINGU method of the mask pattern of this invention, first, each side of the input figure equivalent 
to a mask pattern, when it judges whether the oblique side is contained and the oblique side is contained, each peak of an 
input figure judges whether the influence of an oblique side is received. And in the case of the peak which is not influenced 
of an oblique side, in the case of an expansion operation, in the case of the exterior of a figure, and a reduction operation, the 
parallel displacement of the side of the couple which faces across the peak is carried out to the interior of a figure, 
respectively, and let the intersection of each side by which the parallel displacement was carried out, or the intersection of the 
extension wire of each side be the peak of a temporary figure. Therefore, in this case, the one peak of a temporary figure is 
generated to the one peak. When the peak is influenced of an oblique side, in the case of an expansion operation, in the case 
of the exterior of a figure, and a reduction operation, the parallel displacement of the side of the couple which faces across 
the peak is carried out to the interior of a figure, respectively, and three of each of each endpoint corresponding to the peak 
and the peaks of the input figure of a basis in each side by which the parallel displacement was carried out are set up as the 
peak of a temporary figure. 

[0039] A setup of the peak of a temporary figure obtains a LISA IJINGU figure by connecting each peak, and generating and 
carrying out the OR operation of the temporary figure. 

[0040] In the mask pattern of IC, if either of the sides of a couple is an oblique side, respectively, although each peak in an 
input figure will be made into the thing which is faced across each peak contiguous to the peak and which is influenced of an 
oblique side, since an oblique side is used for a part of figure, it is rare that the process which generates the peak of three 
temporary figures is adopted, and the total number of the peaks of a temporary figure can usually, be cut down. The time 
which a subsequent OR operation takes can be shortened and the rapidity of processing is raised. 

[0041] Moreover, by judging whether the peak of an input figure is influenced of an oblique side based on the angle of each 
peak contiguous to the peak, that the process which generates the peak of three temporary figures is adopted decreases, and 
the rapidity of graphics processing is raised. Furthermore, by judging whether the peak of an input figure is influenced of an 
oblique side based on the sum of the angle of the peak, the angle of each peak contiguous to the peak, and the angle of each 
of each peak which adjoins the angle of the peak, the scope of the process which generates the peak of three temporary 
figures is limited further, and graphics processing is accelerated further. 
[0042] 

[Example] Hereafter, the example of this invention is explained in detail based on a drawing. 

[0043] The LISA IJINGU method of the mask pattern of this invention is CAD (Computer Aided Design) because of 
verification of the mask pattern of LSI etc. When only the change width of face specified the exterior or inside the figure 
carries out the parallel displacement of each side of the input figure by making a mask pattern into an input figure by the 
system, it is the method of obtaining an enlarged-view form or a reduction figure. 

[0044] Drawing 1 is a flow chart which shows an example of the LISA IJINGU method of the mask pattern of this invention, 
in this example, tirst, as shown i n drawing 1 (a), the mask pattern inputted into a CAD system is inputted into expansion data 
processing or the change width ot tace d ot each side at the time of carrying out reduction data processing (LISA IJINGU 
processing) (one to step 1 reference of drawing 1 , and the following the same) In this case, positive and change width of 
face when reducing are made negative tor the change width of face when expanding an input figure. 
[0045] Next, the data of the mask pattern of LSI set as the object of LISA IJINGU is inputted with X-Y coordinate (Step 
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1-2). 

[0046] Drawing 2 (a) shows an example of the mask pattern inputted. This mask pattern 10 has the oblique side section 1 1 
which inclines at 45 degrees in the center section, and the horizontal level 12 of the shape of an oblong rectangle has 
extended horizontally from the edge of the oblique side section 1 1 top. The rectangle section 13 of the shape of a square with 
a bigger length of one side than the width-of-face size of a horizontal level 12 is following the point of this horizontal level 
12. Moreover, in the edge of the oblique side section 1 1 bottom, the vertical section 14 of the longwise shape of a short 
rectangle has extended perpendicularly, and the horizontal level 15 of the shape of an oblong rectangle has extended 
horizontally at it at the soffit section of the vertical section. And the rectangle section 16 of the shape of a square with a 
bigger length of one side than the width-of-face size of a horizontal level 15 is following the point of a horizontal level 15. 
[0047] In case graphical input of such a mask pattern 10 is carried out to a CAD system, let it be the aggregate of two or 
more figures. Namely, the mask pattern 10 shown in drawing 2 (a) Inclination input figure 11' of the shape of a rectangle 
which changed into the inclination state as [ show / in drawing 2 (b) ], Oblong rectangle- like level input figure 12* to which 
one edge lapped with the edge of this inclination input figure 1 1' top, Square-like rectangle input figure 13' which lapped 
with the other-end section of this level input figure 12', Longwise perpendicular input figure 14' to which the upper-limit 
section lapped with the other-end section of this oblique side input figure 1 \ \ this — perpendicular -- an input — a figure -- 14 
-- ' — the lower part -- one side — an edge — having lapped — being oblong ~ a rectangle --**-- level ~ an input — a figure — 
15 -- ' ~ this level — an input - a figure — 15 — ' - an other end -- the section -- having lapped — a square --**-- a 
rectangle ~ an input — a figure 16 --'--******-- a CAD system — inputting — having . Each input figure IT - 16' makes 
it the direction of X horizontally, and makes it the direction of Y perpendicularly, and each side of each input figure 11' - 16' 
is vectorized and read. 

[0048] By this example, for convenience, the vector of each side of input figure 11' - 16' is oriented so that the inside of a 
figure may turn into right-hand side. Let six input figures 1 V read into the CAD system - 16' be the input figure groups S. 
[0049] when six input figures 11' - 16' is read, the read input figure group S is one of the figure operations - an OR operation 
is carried out (Step 1-3) When an OR operation indicates each side of each input figure IT- 16' by the vector, it is pattern 
logical operation from which it detects whether input figure 11' - 16' is the lap of two or more figures, and the number of laps 
takes out one or more figure portions by judging the inside and the outside of a figure from the sense of a vector. 
[0050] When the OR operation of the input figure group S shown in drawing 2 (b) is carried out, as shown in drawing 2 (c), 
the OR-operation figure F which met the profile of a mask pattern 10 will be obtained. Thus, all the sides of the 
OR-operation figure F obtained are vectorized so that the interior of a figure may serve as right-hand side. And the number 
of the OR-operation figures F with which a vector is closed and generated is registered as "N" (Step 1-4). In this example, 
several N of the OR-operation figure F generated by the OR operation is 1 . 

[0051] Next, a number n (1-N) is given to every [ which was generated by the OR operation ] OR-operation figure F, and the 
middle temporary figure for obtaining an exact LISA IJINGU figure in each OR-operation figure F of every is generated 
(Step 1-5 -Step 1-23). 

[0052] Generation of a temporary figure is carried out as follows. That is, counting of several M of the peak is carried out to 
each OR-operation figure F of every [ which was generated by the OR operation ] (Step 1-6 and Step 1-7), and a set of the 
peak train of a temporary figure is initialized to empty class (Step 1-8). 

[0053] Next, it judges whether the oblique side is contained in the OR-operation figure F of a processing object by 
computing each angle and judging the classification of an angle about all the peaks of each OR-operation figure F made into 
the object of processing, (Step 1-9). 

[0054] The judgment of the classification of the angle of all the peaks of the OR-operation figure F which is a processing 
object is shown in the flow chart of drawing 3 in detail. That is, first, a CAD system sets the flag D which shows whether the 
OR-operation figure F contains an oblique side as the initial state of "NO" which does not contain the oblique side (Step 3-1), 
and the classification of an angle is judged in order to the M peaks in the OR-operation figure F, respectively (Step 3-2 - Step 
3-20). 

[0055] If all the peaks of the OR-operation figure F are distinguished in order of the registered peak train, for example, the 
m-th peak is set to V (Step 3-3), in case they will judge the classification of the angle of the peak V, they distinguish first 
whether LISA IJINGU processing is an expansion operation or it is a reduction operation (Step 3-4). When LISA IJINGU 
processing is an expansion operation, the interior angle of the peak V is computed as theta (Step 3-5), and, in the case of a 
reduction operation, the exterior angle of the peak V is computed as theta (Step 3-6), This notes having the property as the 
exterior angle of the peak V in a reduction operation in which the interior angle of the peak V in an expansion operation is 
the same based on the fact that the profile of the figure which replaced and carried out reduction data processing of the 
profile of the figure which carried out expansion data processing to the input figure, and the interior and the exterior of an 
input figure is the same. Therefore, you may calculate the exterior angle of the peak V in the case of an expansion operation, 
and the interior angle of the peak V in the case of a reduction operation as theta, respectively. 

[0056] Thus, an operation of the interior angle or exterior angle theta of the peak V classifies the peak V into the following 
six classification T1-T6 based on the value of calculated theta (Step 3-7). Namely, as shown at drawing 4 (a) in the case of 
expansion data processing, as for the peak V, in the case of 0< theta<pi / 2, the interior angle theta ot the peak V is 
considered as classification Tl (Step 3-8). Like the following, as are shown in drawing 4 (b), and the peak V is shown at 
classification T2 (Step 3-9) and drawing 4 (c) in the case of theta=pi/2 As the peak V is shown at classification T3 (Step 
3-10) and drawing 4 (d) in pi / 2< theta<pi As the peak V is shown at classification T4 (Step 3-11) and drawing 4 (e) in the 
case of pi<theta <3pi/2 As the peak V is shown at classification T5 (Step 3-12) and drawing 4 (f) in the case of theta=3pi/2, 
in 3pi/2<theta<2pi, it is carried out to classification T6 (Step 3-13), respectively. 

[0057] It changes Flag D into a set state as that by which is followed, and the peak V is included [ the interior angle theta of 
the peak V ] for the oblique side in the OR-operation figure F in one case of the classification Tl, T3, T4, and T6 pi/2 and 
not 3pi/2 but when the peaks V are not classification T2 and T5 (Step 3-14 - Step 3-17). 

[0058] Thus, the result of an operation of the interior angle (or exterior angle) theta of the obtained peak V and the 
classification T1-T6 to which the peak V was set are registered, respectively (Step 3-18 and 3-19). And it is registered 
whether the OR-operation figure F into which the classification of all the peaks was registered contains the oblique side (Step 
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3-20). 

[0059] In addition, it is the case where the classification of all the peaks V in an OR-operation figure is T2 and T5 (when it is 
theta=pi / 2, and theta=3pi/2), and moreover, when all the sides consist of oblique sides, although the OR-operation figure 
contains the oblique side, it is judged in fact, to be the figure which does not contain an oblique side. However, even if it 
processes such an OR-operation figure as a figure which does not contain an oblique side as what is made to rotate the figure 
constituted by only the perpendicular side and the level side which do not contain an oblique side, and is in the inclination 
state, there is no especially un-arranging. 

[0060] Thus, if the classification of all the peaks in the OR-operation figure F is judged and the existence of an oblique side 
is set up, as shown in Step 1-10 of drawing 1 , it will judge whether the OR-operation figure F contains the oblique side in 
the state of the set state of Flag D, and reset. And when the OR-operation figure F does not contain the oblique side and the 
oblique side is included again by Step 1-11 to 1-14 of drawing 1 , the peak of a temporary figure is generated by Step 1-15 to 
1-21 of drawing 1 to each peak of the OR-operation figure h , respectively. 

[0061] While setting the m-th peak of a peak train to V as shown in Step 1-12 for example, when the OR-operation figure F 
does not contain the oblique side, the peak of a temporary figure [ as opposed to the peak V for each peak contiguous to this 
peak V ] is generated as U and W based on the process A shown in the flow chart of drawing 5 , respectively (Step 1-13). 
[0062] Drawing 6 (a) and (b) are explanatory drawings of the process A carried out in order to generate the peak of the 
temporary figure to the peak V, when the OR-operation figure F does not contain the oblique side. In Process A, the parallel 
displacement only of the change width of face d is carried out to the perpendicular direction of each sides UV and VW to the 
exterior of a figure, respectively in the 2 sides UV and VW which in the case of expansion data processing face across the 
peak V as shown in drawing 6 (a) (Step 5-2). As shown at drawing 6 (b) in the case of a reduction operation, a parallel 
displacement is carried out to the interior of a figure. 

[0063] The detail in this case is shown in the flow chart of drawing 7 . that is, it faces across the peak V — the exterior (the 
case of a reduction operation interior of a figure) of a figure is made to carry out the parallel displacement only of the change 
width of face (vertical distance) d in the case of an expansion operation, and it makes vector U'V' two sides (vector) of one 
sides UV of UV and VW (Step 7-1 of drawing 7 ) this ~ a case ~ an endpoint ~ U — ' — the side ~ UV — a parallel 
displacement — having carried out -- the time — a vector — U'V — ' — it can set — the peak -- U — corresponding — an 
endpoint ~ it is — an endpoint — V — ' ~ the side ~ UV ~ a parallel displacement — having carried out — the time -- a vector 
-- U'V — ' it can set -- the peak ~ V — corresponding -- an endpoint ~ it is . Since [ which faces across the peak V ] UV 
and two side of VW(s) are vectorized, respectively as mentioned above, the direction of the exterior and the direction of the 
interior of a figure are discriminated easily. 

[0064] Next, the parallel displacement only of the change width of face (vertical distance) d is carried out to the exterior (or 
interior) of a figure, and the side (vector) VW of another side which faced across the peak V in the OR-operation figure F is 
made into side V" W' (Step 7-2 of drawing 7 ). Endpoint V" in this case It is an endpoint corresponding to the peak V in 
vector VW' at the time of carrying out the parallel displacement of the side VW. Endpoint W' is an endpoint corresponding 
to the peak W in vector V"W' at the time of carrying out the parallel displacement of the side VW. 
[0065] thus -- each -- the side (vector) — UV ~ and -- VW - a parallel displacement -- carrying out -- having -- if — a 
parallel displacement - the back -- each ~ a vector - U'V ' -- and -- V " -- W -- ' ~ drawing 6 ~ (-- b --) -- being shown 
~ as — crossing — a case --****-- the — an intersection — the peak -- V - receiving -- temporary ~ a figure — the peak ~ V 
-- M - ' — ****** - registering — a parallel displacement - carrying out — having had — each ~ a vector U'V — ' — and — 

V — " ~ W -- ' - drawing 6 — (-- a --) — being shown -- as -- not crossing ~ a case --****-- each — a vector — U'V — ' -- 
and - V - " -- W -- ' ~ respectively - having extended ~ the time ~ an intersection - the peak -- V - receiving -- temporary 
-- a figure -- the peak -- V -- " -- ' - ****** 

[0066] The peak of the temporary figure corresponding to all the peaks to the OR-operation figure F is set up one by one by 
carrying out such processing to the turn of a peak train of having met in the direction of a vector, to all the peaks in the 
OR-operation figure F. And the peak of the set-up temporary figure is registered in order along the direction of a vector, and 
let it be the peak train of a temporary figure (Step 5-3). 

[0067] On the other hand, when the OR-operation figure F contains the oblique side, it progresses to Step 1-15 of drawing 1 , 
for example, the m-th peak of a peak train is set to V, and each peak contiguous to this peak V is set to U and W, respectively 
(Step 1-16). And the attribute of being that in which each peak of the OR-operation figure F receives the influence of an 
oblique side is judged (Step 1-17). 

[0068] The judgment of the attribute of whether the peak V is what is influenced of an oblique side is carried out based on 
the flow chart shown in drawing 8 . Namely, if the angle theta of the already registered peak V is either of the classification 
Tl or T3 smaller than pi (Step 8-1) The interior angle theta in the case of an expansion operation A salient (it is smallness 
from pi), Since the exterior angle theta in the case of a reduction operation is a reentrant angle (it is size from pi), or the peak 

V The attribute of "P-A" is given to the peak V so that not the thing influenced [ especially ] of an oblique side but the 
process A (peak generation process of a temporary figure in case the OR-operation figure F does not contain an oblique side) 
mentioned above may generate the peak of a temporary figure (Step 8-4). 

[0069] On the other hand, the angle theta of the already registered peak V is a larger classification than pi. and when either of 
the sides of the couple which faces across the peaks U and W, respectively is an oblique side, (Step 8-2 and 8-3), and the 
peak V as what is influenced of an oblique side The attribute of "P-B" is given to the peak V as what should generate the 
peak of a temporary figure according to a different process B from the generation method of the peak of the temporary figure 
by Process A (Step 8-5). 

[0070] If this sets to U and W each peak contiguous to the peak V where the interior angle theta turned into a larger reentrant 
angle than pi as shown in drawing 9 When each sides XU, UV, and WY where the side VW is an oblique side and while 
facing across the peak V faces across each of other peaks U and W are not oblique sides, respectively, each peaks V and W 
which constitute the oblique side VW (when it is the level side or the perpendicular side) will be influenced of an oblique 
side as each endpoint of an oblique side. Moreover, in order that the peak U contiguous to the peak V may share Endpoint V 
and the side UV of an oblique side VW, it will be influenced of an oblique side. In order that similarly the peak Y contiguous 
to the peak W may share Endpoint W and the side WY of an oblique side VW, it is influenced of an oblique side VW. 
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Therefore, the peak which is not influenced of an oblique side VW turns into the peaks X and Z contiguous to the peaks U 
and Y. 

[0071] As opposed to one endpoint V of an oblique side VW thus, the influence of the oblique side In order to reach even a 
pair each of sides XU, UV, VW, and WY which face across the peaks U and W contiguous to the peak V, respectively When 
it judges whether an oblique side is in a pair each of sides which face across each peaks U and W contiguous to the peak V 
which is a processing object and there is an oblique side, an attribute "P-B" is given so that the peak V may generate the peak 
of a temporary figure according to Process B as what is influenced of an oblique side. Process B is shown in the flow chart of 
drawing 1 1 , and is mentioned later. 

[UU72J "-- P-A -- " — an attribute -- giving — having had ~ the peak -- V — expansion -- an operation — a case «****-- 
drawing 10 (-- a --) — being shown — as — the peak — V — inserting -- two -- a ** — the side (vector) — UV — and — VW — 
change — width of face (vertical distance) — d -- only -- the exterior -- a parallel displacement — carrying out - making -- a 
vector — LTV ~ ' — and — VW -- ' — In the case of a reduction operation, as shown in drawing 10 (b), it considers as the peak 
of a temporary figure [ as opposed to / only the change width of face (vertical distance) d makes the interior carry out the 
parallel displacement of two sides of UVs and VW(s), consider as vector UV and VW, and / the peak V for those 
intersection V" ] which faces across the peak V. 

[0073] on the other hand, when the classification of the registered vertical angle V has become either T4 or T6 A reentrant 
angle (it is size from pi) or the exterior angle theta in the case of a reduction operation is a salient (it is smallness from pi), 
interior angle / theta / in the case of an expansion operation ] Furthermore, it judges by whether either of a pair each of sides 
which face across each peaks U and W which adjoin [ whether the peak V is influenced of an oblique side and ] the peak V, 
respectively is an oblique side (Step 8-2). And when a pair each of sides which face across the peaks U and W, respectively 
are not oblique sides, respectively, as that in which the peak V does not receive the influence of an oblique side, the attribute 
of "P-A" is given (Step 8-3), and, as for the peak V, the peak of a temporary figure is generated by Process A. 
[0074] The peak V where the attribute of "P-A" was given thus, in the case of an expansion operation As shown in drawing 
10 (a), in the case of a reduction operation As shown in drawing 10 (b), the 2 sides UV and VW which face across the peak 

V only the change width of face (vertical distance) d the exterior -- or — the interior -- a parallel displacement — carrying out 

- making ~ a vector U'V ~ ' ~ and - V"W — '«**-- carrying out -- those — an intersection — V -- " « ' -- or — each — a 
vector -- U'V ' — and -- V"W — ' extension wire -- an intersection -- V -- " - ' — the peak ~ V ~ receiving — temporary — 
a figure - the peak ** -- carrying out . 

[0075] thus -- an OR operation -- a figure F the peak -- V ~ an attribute - giving -- having - if -- drawing 1 -- it can set 

- a flow chart -- a step ~ one 18 ~ being shown « as -- the peak - V — an attribute - judging -- having the peak -- 

V — an attribute — "-- P-A — " — it is — a case --****-- drawing 5 -- being shown — a flow chart — being based — a process 
-- A -- the peak - 

[0076] On the other hand, when the attribute of the peak V of the OR-operation figure F is "P-B", unlike Process A, the three 
peaks of the temporary figure to the peak V are generated by Process B as what is influenced of an oblique side (Step 1-20). 
[0077] Drawing 1 1 is explanatory drawing of the generation method of the peak of the temporary figure according [ the flow 
chart and drawing! 2 which show how to generate the peak of the temporary figure to the peak V of the OR-operation figure 
F according to Process B ] to the process B. in Process B, in carrying out an expansion operation, as shown in drawing 12 
(a), it faces across the peak V ~ two sides, only the change width of face (vertical distance) d carries out the parallel 
displacement of UV and the VW to the exterior of the OR-operation figure F, and makes them vector UV and vector V"W', 
respectively (Step 11-1 of drawing 1 1 ) in carrying out a reduction operation, as shown in drawing 12 (b), it faces across the 
peak V -- two sides, only the change width of face (vertical distance) d carries out the parallel displacement of UV and the 
VW to the interior of a figure, and makes them vector U'V and vector V n W, respectively Since all the sides of a figure are 
vectorized so that the interior of a figure may become right-hand side, the direction of the exterior and the direction of the 
interior of a figure are easily discriminable. 

[0078] Thus, although two endpoints V and V" are obtained to the peak V, these endpoints V and V" are registered as the 
peak of a temporary figure, respectively. In this case, the peak V of the OR-operation figure F is registered as the peak of a 
temporary figure, temporary -- a figure -- three -- a ** -- the peak - V ~ V - ' - V -- " -- as follows ~ turn - registering -- 
having . That is, since generation of the peak of a temporary figure is carried out in order along the direction of the vector of 
each vectorized side in an OR-operation figure, while being processed in order of peak U-V-W and processing the peak U in 
advance of processing of the peak V, the peak W is processed after processing of the peak V. for this reason ~ the side -- UV 

- a parallel displacement -- having carried out - the time - the peak ~ V - corresponding -- an endpoint « V - 1 -- the peak 
-- U ~ corresponding -- an endpoint U -- ' -- the peak -- V - between ~ registering -- having . Endpoint V" corresponding 
to the peak V at the time of carrying out the parallel displacement of the side VW is registered between endpoint W and the 
peaks V corresponding to the peak W. Therefore, as a peak train of a temporary figure, peak V is registered into the degree 
of peak U' (Step 1 1-2), next, the peak V is registered (Step 11-3), and peak V" is registered further after that (Step 1 1-4). 
Therefore, as the peak of a temporary figure, it is registered in order of U'-V'-V-V'-W'. 

[0079] When the OR-operation figure F obtained when registration of such a peak train of a temporary figure carries out the 
OR operation of the input figure group S is plurality, the peak train of a temporary figure is generated to each OR-operation 
figure F so that a temporary figure may be obtained by each OR-operation figure F of every (Step 1-22 of drawing 1 (b)). 
And a temporary figure is generated by connecting the peak train of all temporary figures to the order by which setting 
registration was carried out (Step 1-23). When the number of the OR-operation figures F is N, the temporary figure 
generated also becomes N pieces. 

[0080] If all temporary figures are generated, an OR operation will be carried out to a full-temporary figure (Step 1-24). And 
the figure group which the OR operation was carried out and was obtained is outputted as data S of a LISA IJINGU figure 
(Step 1-25). 

[0081] An OR operation will be carried out by the calculation speed of O (nlogn), if the side sets the total number of the 
peaks to n to N temporary figures also including intersection. 

[0082] If the peak of a temporary figure is registered to all the peaks to the OR-operation figure F shown in drawing 2 (c) 
based on the flow chart of drawing 1 , one temporary figure 21 shown in drawing 13 (a) will be generated. In this case, 
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although the number of the peaks of the OR-operation figure F was 18, the number of the peaks of the temporary figure 21 is 
set to 28. And by carrying out the OR operation of the temporary figure 21 shown in drawing 13 (a), the LISA IJINGU 
(expansion) figure 22 shown in drawing 13 (b) will be obtained, and this figure will be outputted. 
[0083] Although classified into "F-A" which should carry out the process A which generates only the one peak of the 
temporary figure corresponding to the peak V by judging the attribute of whether the peak V is influenced by the oblique 
side, and "P-B" which should carry out the process B which generates the three peaks of a corresponding temporary figure 
according to this example The condition judging of a classification of this attribute can be processed at high speed as 
compared with the machine time which the OR operation which is only carried out for every peak and is carried out after that 
takes. 

[0084] and the figure which does not contain an oblique side receiving any of the peak ~ although -- since the peak of a 
temporary figure is classified into the attribute of "P-A" by which only one is generated to the one peak, the total number of 
the peaks of a temporary figure is cut down, and subsequent OR-operation processing can also be carried out at high speed 
[0085] In addition, in the above-mentioned example, when the OR-operation figure F has the oblique side, it sets. When 
larger than pi, as shown in drawing 8 , the classification of the angle of (peak the judgment of whether T4 - T6), and the 
judgment V of the attribute ot the peak, i.e., the peak, are influenced of an oblique side [ the angle theta of the peak V ] 
Although it was made to carry out each peaks U and W contiguous to the peak V by whether either of the sides of the couple 
inserted, respectively is an oblique side For example, you may make it judge the attribute of the peak V based on the angle 
(classification T1-T6 of the peaks U and W) of the peaks U and W contiguous to the peak V. 

[0086] Drawing 14 shows the flow chart in that case. In this case, in case the attribute of the peak V is investigated, [ whether 
the classitication ot the peak V is either T1-T3, and ] Investigate whether it is either T4-T6 (Step 14-1), and when the 
classification of the peak V is T1-T3 (angle theta<pi of the peak) The peak V is made into the attribute of "P-A" which 
should be processed according to Process A like the example shown in drawing 8 as what is not influenced of an oblique side 
(Step 14-4). That is, if the exterior angle theta of the salient smaller than pi or the peak V in the case of a reduction operation 
is a bigger reentrant angle than pi, it will consider as the attribute of "P-A" and the one peak of a temporary figure will be 
generated to the peak V. [ interior angle / of the peak V in the case of an expansion operation / theta ] 
[0087] On the other hand, when the classification of the peak V is T4-T6 (angle theta>pi of the peak V), it investigates, 
respectively whether the classification of the peaks U and W contiguous to the peak V is T1-T3, or it is T4-T6 (Step 14-2 and 
14-3). and any of the peaks U and W contiguous to the peak V - although -- when it is classification T1-T3 (i.e., only when 
all have the angle of the peaks U and W smaller than pi), the attribute of "P-B" which should process the peak V according to 
Process B as what is influenced by the oblique side is given (Step 14-5) When one classification of the peaks U and W 
contiguous to the peak V is T4-T6, the attribute of "P-A" which should be processed according to Process A is given as that 
in which, as for the peak V, the angle theta of the peaks U and W does not receive the influence of an oblique side in being 
larger than pi (Step 14-4). 

[0088] In the case of this example, the LISA IJINGU (expansion) temporary figure 23 shown in drawing 15 is generated to 
the OR-operation figure F shown in drawing 2 (c). In this case, the number of the peaks of the temporary tigure 23 is set to 
30. And the LISA IJINGU (expansion) tigure 22 shown in drawing 13 (b) is obtained by carrying out the OR operation of 
this temporary figure 23. 

[0089] Drawing 16 is a flow chart which shows the example of further others of the method of investigating the attribute of 
the peak V. In this example, the attribute of whether the peak V is influenced of an oblique side is judged based on the sum 
of the angle of each peaks U and W contiguous to the angle theta of the peak V, and the peak V, and each angle of each 
peaks U and W which adjoin the peak V further. 

[0090] That is, when the classification of the angle of the peak V is T1-T3 (angle theta<pi of the peak), (Step 16-1) and the 
peak V are made into the attribute of "P-A" like each aforementioned example as what is not influenced of an oblique side as 
what is not influenced of an oblique side (Step 16-6). 

[0091] on the other hand, any of each peaks U and W which adjoin the peak V when the classification of the angle theta of 
the peak V is T4 (pKtheta <3pi/2) -- although - if it is not classification T3 (pi / 2< theta<pi) (Step 16-2 and 16-4), it will 
consider as the attribute of "P-A" as what is not influenced of the oblique side of the peak V (Step 16-6) 
[0092] however, when the classification of the angle theta of the peak V is T4 (pKtheta <3pi/2) and either of each peaks U 
and W contiguous to the peak V is classification T3 (pi / 2< theta<pi) Only when the sum of the angle of the peaks U or W of 
classification T3 and the angle of the peak V is larger than 2pi, the peak V is made into the attribute of "P-B" as what is 
influenced of an oblique side (Step 16-7). When the classification of the angle of the peak V is T4, the attribute of the peak V 
is made into "P-A" except such a condition. 

[0093] Thereby, when carrying out the expansion operation of the OR-operation figure, the interior angle theta of the peak V 
is a reentrant angle of pi<theta <3pi/2, and moreover one interior angle theta' of the adjoining peaks U or W is the salient of 
pi/2<theta'<pi, it restricts to the time when it is >(theta+theta') 2pi further, and "P-B" is given as an attribute of the peak V. 
Therefore, when only the oblique side (45 degrees or 135 degrees) is contained in the OR-operation figure, the combination 
of the peak V and the peaks U or W with which are satisfied of this condition does not exist, but in this case, the attribute of 
P-A is given and, as for each peak of an OR-operation figure, every one peak of a temporary figure is generated to each 
peak. 

[0094] If either of each peaks U and W contiguous to the peak V is classification T3 (pi / 2< theta<pi) as shown in drawing 
16 (b) when the classification of the angle of the peak V is T5 (theta-3pi/2) (Step 16-8 and 16-9), the attribute of the peak V 
will be made into "P-B" (Step 16-7). In the case where the classification of the angle of the peak V is T5 (theta=3pi/2), if 
there is nothing on such conditions, the attribute of the peak V will be made into "P-A" (Step 16-6). 

[0095] Thereby, when carrying out the expansion operation of the OR-operation figure, the interior angle theta of the peak V 
is a reentrant angle of theta=3pi/2, one interior angle theta' of the adjoining peaks U or W restricts to the time when it is the 
salient of pi/2<theta'<pi, and the peak V is made into the attribute of "P-B" as what is influenced of an oblique side. 
Therefore, when only the oblique side (45 degrees or 135 degrees) is contained in the OR-operation figure, the angle theta of 
the peak V is 270 degrees, and only when angle theta' of the peaks U or W is 135 degrees, the three peaks of a temporary 
figure are generated by Process B as that in which the peak V receives the influence of an oblique side. 
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[0096] If either of each peaks U and W contiguous to the peak V is classification T2 (theta=pi/2) or T3 (pi / 2< theta<pi) as 
shown in drawing 16 (c) when the classification of the angle of the peak V is T6 (3pi/2<theta<2pi) (Step 16-10 and 16-12), 
the attribute ot the peak V will be made into "P-B" (Step 16-7). Moreover, if either of each peaks U and W contiguous to the 
peak V is classification Tl (0< theta<pi / 2) and the sum of the angle of the peaks U or W of classification Tl and the angle 
of the peak V is larger than 2pi (Step 16-11 and 16-13), the attribute of the peak V will be made into "P-B" (Step 16-7). In 
the case (3pi/2<theta<2pi) where the classification of the angle of the peak V is T6, if it has not been such conditions, the 
peak V will be made into the attribute of "P-A" as what is not influenced of an oblique side (Step 16-6). 
[0097] By this, in carrying out the expansion operation of the OR-operation figure the interior angle theta of the peak V ~ 
3pi/2 < ~ one interior angle theta' of the peaks U or W which are the reentrant angles of theta<2pi and moreover adjoin ~ 
pi/2<=theta' -- or [ that it is the salient of <pi ] - or It restricts to the time when it is >(theta+theta') 2pi in the salient of 
02<theta'<pi/2, and the attribute of "P-B" is given as that in which the peak V receives the influence of an oblique side. 
Therefore, when only the oblique side (45 degrees or 135 degrees) is contained in the OR-operation figure, the peak of three 
temporary figures is generated by Process B as what is influenced of an oblique side only at the time of angle theta -135 
degree of the time of angle theta -90 degree of the angle of theta= 3 1 5 degrees of the peak V, and the peaks U or W or the 
angle of theta= 3 1 5 degrees of the peak V, and the peaks U or W. 

[0098] Although the attribute of the peak V is classified into "P-A" which should carry out the process A which generates 
only the one peak of a corresponding temporary figure, and "P-B" which should carry out the process B which generates the 
three peaks of a corresponding temporary figure according to this example, the condition judging of a classification of this 
attribute can be processed at high speed as compared with the machine time which the OR operation which is only carried 
out for every peak and is carried out after that takes. 

[0099] and -- the case of the figure which does not contain an oblique side -- any of the peak although — the peak of a 
temporary figure is classified into the attribute of "P-A" by which only one is generated to the one peak Moreover, the figure 
which contains only an oblique side (45 degrees and 135 degrees) to the level side in addition to the perpendicular side and 
the level side is also received. The angle (the case of an expansion operation the case of the angle of an interior angle, and a 
reduction operation angle of an exterior angle) theta of the two continuous peaks, and the combination of theta' theta= 270 
degrees and theta-135 degree, and theta= 315 degrees and theta -90 degree, In the case of three kinds (theta= 315 degrees 
and theta-135 degree), it is restricted, only the peak used as the angle theta is classified into "P-B" so that three may be 
generated as the peak of a temporary figure, and other peaks are classified into "P-A." 

[0100] Therefore, in this example, the number of the peaks of a bird clapper of a temporary figure is very rare for the 
attribute "P-B" to which the process B by which the peak of three temporary figures is generated to the peak of an 
OR-operation figure is applied. Consequently, the number of the peaks of a temporary figure can be cut down remarkably, 
and it becomes possible to shorten remarkably the time which OR-operation processing of a temporary figure takes. 
[0101] In the case of this example, the LISA IJINGU (expansion) temporary figure 24 shown in drawing 17 is generated to 
the OR-operation figure F shown in drawing 2 (c). In this case, to the total 18 peaks of the input figure h, the number of the 
peaks of the temporary figure 24 is set to 22, and the four peaks are increasing it. And the LISA IJINGU (expansion) figure 
22 shown in drawing 13 (b) is obtained by carrying out the OR operation of this temporary figure 24. 
[0102] Theretore, in a complicated figure like a circuit pattern with bending [ much ], when the oblique side is used locally, 
by this example, the scope of the process B which generates the peak of three temporary figures can be limited, and 
high-speed processing is attained. 
[0103] 

[Effect of the Invention] The LISA IJINGU method of the mask pattern of this invention judges whether the oblique side is 
contained to the input figure in this way, and only when it judges whether each peak of an input figure is influenced of an 
oblique side when the oblique side is contained and the peak is influenced of an oblique side, it is made to generate the peak 
of three temporary figures to the peak further. Therefore, even if the oblique side is contained in the input figure, to the peak 
which is not influenced of an oblique side, only one can be generated, but the peak of a temporary figure can cut down the 
total number of the peaks of a temporary figure, and can accelerate subsequent OR-operation processing. 
[0104] Although it can judge by a pair each of sides which face across each peak contiguous to the peak, respectively, 
whether the peak is influenced of an oblique side By judging further based on the sum with the angle of the peak of the angle 
of each peak contiguous to the angle and the peak of the peak, and either of the adjoining peaks based on the angle of each 
peak contiguous to the angle and the peak of the peak The range to which the process which generates the peak of three 
temporary figures is applied is restricted, further, it is cut down and the total number of the peaks of a temporary figure can 
accelerate subsequent OR-operation processing. 
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TECHNICAL FIELD 



[Industrial Application] this invention relates the mask pattern carried out using a CAD (Computer Aided Design) system to 
expansion data processing and the LISA IJINGU method which carries out reduction data processing. 
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PRIOR ART 



[Description of the Prior Art] LSI is designed by the CAD system with large-scale high integration of LSI now. Especially, 
the figure calculation function must not be in the artwork system for a mask pattern. 

[0003] As one of the figure operations, LISA IJINGU (resizing) which performs expansion and reduction of a mask pattern 
is used for the design rule verification about the minimum spacing and the minimum width of face of a mask pattern, 
extraction of the field which can be wired, a notch, removal of a salient, etc. LISA IJINGU in this case is operation which 
only the change width of face specified the exterior or inside the figure carries out the parallel displacement of each of that 
side by making a mask pattern into an input figure, and obtains an enlarged-view form or a reduction figure, and is not 
operation of obtaining a similar figure. 

[0004] For example, operation of only the specification width of face d making the parallel displacement of each side of the 
input figure 30 carrying out outside, respectively as shown in drawing 18 (b) by making a mask pattern as shown in drawing 
18 (a) into the input figure 30, and obtaining enlarged-view form 3 1 is LISA IJINGU (expansion operation), and as shown in 
ctrawing 18 (c), it differs from operation of making each side of the input figure 30 expanding, respectively, and obtaining a 
similar tigure 32. 

[0005] By the expansion operation (expanding) in LISA IJINGU As are shown in drawing 19 (a), and the external field 33 in 
the range of the specification width of face d also makes it the fundamental concept to treat as the interior of a figure from 
each side of the input figure 30 and a reduction operation (shrinking) shows to drawing 19 (b) It is making into the 
fundamental concept to also treat the internal field 34 which is in the range of the specification width of face d from each 
side of an input figure as the exterior of a figure. If the interior angle of the peak in the input figure 30 is a salient (it is 
smallness from pi) in the case of the expansion operation, the peak will become radii-like by expanding only the 
specification width of face d. 

[0006] For example, as shown at drawing 19 (c) in the case of an expansion operation, although peak 30a from which the 
interior angle in the input figure 3U turned into a salient disappears when each sides 30b and 30c which constitute the peak 
carry out a parallel displacement, respectively, when the sector interpolation figure 35 interpolates, it becomes radii-like. 
However, in the mask pattern, difficult, from the bird clapper, handling adds the additional figure 36 surrounded by each 
tangent and radii portion of ends of a radii portion in the sector interpolation figure 35 to the sector interpolation figure 35, 
and if the circular sector interpolation figure 35 exists, as shown in drawing 19 (d), as shown in drawing 19 (e), it is changing 
the sector interpolation figure 35 into the square interpolation figure 37. t hereby, enlarged-view rorm (LISA IJINGU figure) 
3 1 shown in drawing 19 (f) are obtained. 

[0007] The reduction tigure (LISA IJINGU figure) 38 shown in drawing 19 (g) is obtained by treating the square 
interpolation figure from which the additional figure surrounded by each tangent and radii portion of ends of a radii portion 
in a sector interpolation figure was similarly added to the sector interpolation figure in the reduction operation and which it 
consisted of as the exterior of a figure. 

[0008] Thus, the obtained LISA IJINGU figure is used for the rule verification about the minimum spacing and the minimum 
width of face of a mask pattern of IC, extraction of the field which can be wired, a notch, removal of a salient, etc. 
[0009] While design rule verification of minimum spacing judges whether it is mutually separated only from the minimum 
spacing d two or more mask patterns were specified to be, when minimum spacing d is not being filled, it is processing 
which specifies the portion, for example, as shown in drawing 20 (a), when the input figures 41 and 42 equivalent to the 
mask pattern of the couple which became parallel to mutual verify whether minimum spacing d is satisfied As are shown in 
drawing 20 (b), and an expansion operation is carried out by one half of the width of face of minimum spacing d and each 
input figures 41 and 42 are shown in drawing 20 (c) When the LISA IJINGU figures 43 and 44 by which the expansion 
operation was carried out have lapped mutually, each input figures 41 and 42 are specified in the lap portion 45 as what has 
not satisfied minimum spacing d. 

[0010] The minimum width-of-face verification for example, the figure 46 equivalent to the mask pattern of a configuration 
as shown in drawing 21 (a) As it is the processing which verifies whether the minimum width-of-face size is satisfied, the 
reduction operation of the input figure 46 equivalent to a mask pattern is carried out by one half of the width of face of the 
minimum width-of-face size d and it is shown in drawing 21 (b) If the LISA IJINGU figure 47 by which the reduction 
operation was carried out is divided into two or more figures 47a and 47b, as shown in drawing 21 (c), the separated portion 
48 specifies as what has not satisfied the minimum width-of-face size d. 

[001 1] Extraction of the field which can be wired like [ as shown in drawing 22 (a) ] the field already wired As shown in 
drawing 22 (b), three input figures 51, 52, and 53 which show the field whose wiring is impossible As only the size d equal 
to the sum of the one half and wiring minimum spacing of wiring width of face carries out an expansion operation, 
respectively and is shown in drawing 22 (c), each LISA IJINGU figures 54 and 55 by which the expansion operation was 
carried out, and fields 57 other than 5b are extracted as a field which can be wired. 

[0012] The width-of-face size of a notch [ in / a mask pattern / with removal of a notch or a salient ] (interval of a notching 
portion), Or when the width of face of a salient has not satisfied the minimum size, as a part for the notch portion or a height 
is removed and it is shown in drawing 23 (a) In the case of the input figure 61 which has notch 61a, with one half of the sizes 
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of the minimum width-of-face size d of notch 61a, the expansion operation of the figure 61 is carried out, and as shown in 
drawing 23 (b), the LISA IJIGU figure 62 by which the expansion operation was carried out is obtained. Then, as shown in 
drawing 27 (c), only the same size (d/2) carries out the reduction operation of the LISA IJINGU figure 62 by which the 
expansion operation was carried out. When the width-of-face size of notch 61a has not satisfied the minimum width-of-face 
size d, notch 61a will be removed by the LISA IJINGU figure 63 obtained according to a reduction operation. 
[0013] With increase of the number of figures by the large-scale integration of IC, help processing becomes difficult and the 
figure operation which processes the figure group which constitutes the mask pattern of IC is processed by the CAD system. 
For example, the method of creating automatically the overlap between the contiguity patterns to which the computer was 
applied is indicated by JP,3-9474,A, and the method of creating the mask data for semiconductor manufacture using CAD 
data is indicated by JP,6- 1911 0, A. 

[0014] Moreover, the various proposals of the high-speed algorithm are made from the need of processing a huge number of 
figures at the figure operation. 

[0015] For example, the OR operation which is one of the figure operations is reported to "A Concurrent pattern Operation 
Algorithm for VLSI Mask Data (Proc.18 th Design Automation Conference, 1981)" (let this report be a conventional method 
1 hereafter). An OR operation is an operation which extracts the boundary line which separates the field with which one or 
more figures have lapped, and the field where one does not have a figure, and by this report, if the total number of the peaks 
of the input figure group before OR-operation execution is set to n, it can obtain the figure group after an OR operation by 
the calculation complexity of O (n log n). 

[0016] An example of an OR operation is shown in drawing 24 . As shown in drawing 24 (a), in carrying out the OR 
operation of the square small input figure 65, the square big input figure 66, the input tigure 67 of the rectangle to which the 
part lapped with the input figure 66 of this big square, and the input figure 68 that shows opening of a still smaller rectangle, 
it vectorizes all the sides of each input figures 65-68. In this example, each side is vectorized so that the interior of a figure 
may become right-hand side for convenience, therefore each side of the input figure 68 of opening is vectorized so that the 
interior of opening may become left-hand side. And the number of laps of the input figures 65-68 is obtained from the sense 
of a vector, and one or more portions are taken out for the number of laps. Usually, the number of laps of one input figure 
which is not opening is 1, and the outside of a figure is 0. Moreover, in the portion with which two input figures have lapped, 
the number of laps is 2 and, as for opening, the number of laps is set to -1 . As a result of an OR operation, the figure shown 
in drawing 24 (b) is obtained, and the input figure 68 of opening which became negative disappears. 
[001 / J Moreover, expansion and the reduction operation of a figure are reported to "An 0(n log n) algorithm forLSI layout 
resizing problems (85 ISCAS '1985)" (let this report be a conventional method 2 hereafter). In this report, a LISA IJINGU 
figure is obtained by performing separately expansion of the direction of X, expansion of reduction and the direction of Y, or 
reduction. 

[0018] For this reason, theoretically, when the total number of the peaks of an input figure group is set to n, although it can 
process in the calculation complexity of O (n log n), since expansion with the direction of X and the direction of Y or 
reduction is carried out separately, there is a problem that improvement in the speed of the processing time is difficult. 
[0019] And since it is aimed at the figure which consists only of the level side and the perpendicular side parallel to the 
direction of X, and the direction of Y fundamentally, although the input figure which has angle (45 degrees or 135 degrees) 
of an oblique side to the X-axis is also possible for LISA IJINGU processing, processing of an oblique side becomes 
complicated. For example, as shown in drawing 25 (a), neither the input figure 70 which has the short level side 73 among 
the oblique sides 71 and 72 of a couple, nor a LISA IJINGU figure exact as shown in drawing 25 (b) rather than the length of 
the level side 73 and the perpendicular side 76, when carrying out the expansion operation or the input figure 77 which has 
the short perpendicular side 76 between an oblique side 74 and the level side 75 by major-change width of face is obtained. 
The exact expansion data-processing figure of each figure will be disappeared by the level side 73 and the side corresponding 
to the perpendicular side 76, respectively, as an alternate long and short dash line shows to drawing 25 (a) and (b). In order to 
obtain such an exact expansion data-processing figure, intersection calculation of intersection calculation of the oblique sides 
71 and 72 of the couple which faces across the level side 73, the oblique side 74 which faces across the perpendicular side 
76, and the perpendicular side 75 is needed for expansion processing of the direction of X of each side, and the direction of 
Y further, respectively. Therefore, it is not easy to be unable to obtain an exact LISA IJINGU figure, if such complicated 
processing is not added, but to accelerate the processing time. 

[0020] Furthermore, in order to obtain a LISA IJINGU figure for the input figure which becomes "the 
enlarging-or-contracting technique (Information Processing Society of Japan research report DA 43-4 and 1988-7) of an LSI 
pattern including the arbitrary angle side" from the arbitrary angle side, the method of obtaining a LISA IJINGU figure is 
indicated by generating a middle temporary figure and carrying out the OR operation of the generated temporary figure (let 
this be a conventional method 3 hereafter). 

[0021] The flow chart of this conventional method 3 is shown in drawing 26 . In this conventional method 3, first, if the 
change width of face d is read (step 26- of drawing 26 (a) it is the same as that of 1 and the following), the input figure group 
S which consists of two or more input figures will be read (Step 26-2). And the OR operation of the read input figure group S 
is carried out (Step 26-3). 

[0022] When a mask pattern is inputted as a figure group constituted by two or more figures, expansion data processing or 
before carrying out reduction data processing, an OR operation is needed in a mask pattern. For example, if expansion data 
processing of it is carried out without carrying out OR-operation processing when the mask pattern 80 shown in drawing 27 
(a) is inputted as input figures 81, 82, and 83 of three rectangles, as shown in drawing 27 (b), as shown in drawing 27 (c) all 
-- an input — a figure -- 81 - 82 -- 83 — expansion ~ data processing -- carrying out -- having — a sake — each -- an input — a 
figure -- 81 - 82 - 83 -- receiving - an enlarged view ~ type -- 81 -- ' -- 82 - ' - 83 -- ' -- obtaining « having -- these -- an 
enlarged view - type - 81 - ' -- 82 - ' - 83 - ' - an OR operation -- processing -- carrying out -- even if - being exact — 
LISA - IJINGU - a figure -- For this reason, when a mask pattern is inputted by the figure group which consisted of two or 
more figures, an OR operation is needed to the input figure group. 

[0023] Then, a temporary figure is generated to all the N input figures, using the number of figures after OR-operation 
processing of an input figure group as N (Step 26-4) (Step 26-5 to 26-18). 
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[0024] On the occasion of generation of a temporary figure, the number of the peaks of the input figure F is set to M, using 
the n-th input figure as F (Step 26-6) (Step 26-7), all the peaks are oriented as a peak train, and each side is vectorized (Step 
26-8). And the peak of a temporary figure is generated to all the peaks (Step 26-9 to 26-16). 

[0025] The peak of a temporary figure sets to W the peak which adjoins the peak which adjoins an opposite side with the 
direction of the vector of V and its peak V in the m-th peak of the peak train in the input figure F in U and the direction of a 
vector of the peak V (Step 26-10), and LISA IJINGU judges an expansion operation or a reduction operation (Step 26-1 1). 
And when LISA IJINGU is an expansion operation, the interior angle of the peak V judges a salient (it is smallness from pi), 
and a reentrant angle (it is size from pi) (Step 26-12). When the interior angle of the peak V is a salient, let the intersection of 
each vectors acquired in the sides UV and VW of the couple which faces across the peak V by carrying out the parallel 
displacement only of the change width of face d to the exterior of an OR-operation figure, respectively, or those extension 
wire be the peak of a temporary figure (Step 26-14). The generation method of the peak of such a temporary figure is made 
into Process A. 

[0026] moreover, when LISA IJINGU is an expansion operation and the interior angle of the peak V is a reentrant angle the 
peak ~ V -- inserting - a couple -- the side - UV - and - VW -- respectively - change -- width of face — d - only - an OR 
operation ~ a figure -- the exterior « a parallel displacement -- carrying out -- obtaining - having -- each - a vector - U'V — 
' -- and - V"W -- ' -- the peak — V corresponding - each -- an endpoint -- V - ' -- and ~ V " -- The peak V of an input 
figure is registered as the peak of a temporary figure in order of V, V, and V", respectively (Step 26-15). The generation 
method of the peak of such a temporary figure is made into Process B. 

[0027] When LISA IJINGU is a reduction operation, the interior angle of the peak V judges a salient (it is smallness from 
pi), and a reentrant angle (it is size from pi) (Step 26-13), and when the interior angle of the peak V is a reentrant angle, 
contrary to the case of an expansion operation according to Process A Let the intersection of the vectors acquired in the sides 
UV and VW of the couple which faces across the peak V by carrying out the parallel displacement only of the change width 
of face d to the interior of an OR-operation figure, respectively, or those extension wire be the peak of a temporary figure 
(Step 26-14). When LISA IJINGU is a reduction operation and the interior angle of the peak V is a salient a process - B -- 
the peak -- V -- inserting — a couple -- the side - UV — and ~ VW ~ respectively ~ change — width of face -- d ~ only -- an 
OR operation - a figure ~ the interior a parallel displacement -- carrying out - obtaining ~ having - each -- a vector - 
U'V - ' - and -- V"W - ' ~ the peak V - corresponding ~ an endpoint -- V -- ' ~ and -- V -- " -- The peak V of an 
OR-operation figure is registered as the peak of a temporary figure in order of V, V, and V", respectively (Step 26-15). 
[0028] A temporary figure is generated by carrying out generation of such the peak of a temporary figure to all the figures 
produced by the OR operation (Step 26-17), and connecting in order the peak where the temporary figure was registered 
(Step 26-18). And the OR operation of the generated temporary figure is carried out (Step 26-19), and the figure by which 
the OR operation was carried out is outputted as a LISA IJINGU figure S (Step 26-20). Although the temporary figure will 
be crossed by the side, it is made an exact LISA IJINGU figure by the OR operation. 

[0029] In this conventional method 3, as shown in drawing 28 (a), when the number of the peaks is the input figure 84 of 18, 
as shown in drawing 28 (b), let the number of the peaks be tne temporary figure 85 of 32, for example. 
[0030] In sucft an operation art, by processing of the any 1 direction of the direction of X, or the direction of Y, even if the 
oblique side is included, an exact LISA IJINGU figure without an error can be obtained. Moreover, each peak of an 
OR-operation figure is processed in order along the side, and in order to end by going around an OR-operation figure, it can 
process easily by the trouble of O (n). Furthermore, the calculation complexity of O (n log n) is realizable like the case of the 
OR operation of a conventional method 2 by adopting a conventional method 1 as the OR operation carried out for 
neighboring intersection processing. And since internal data structure becomes a linear list, it becomes possible to process 
rather than the case where the in-house data is not a linear list, like a conventional method 2 at high speed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The LISA IJINGU method of the mask pattern of this invention judges whether the oblique side is 
contained to the input figure in this way, and only when it judges whether each peak of an input figure is influenced of an 
oblique side when the oblique side is contained and the peak is influenced of an oblique side, it is made to generate the peak 
of three temporary figures to the peak further. Therefore, even if the oblique side is contained in the input figure, to the peak 
which is not influenced of an oblique side, only one can be generated, but the peak of a temporary figure can cut down the 
total number of the peaks of a temporary figure, and can accelerate subsequent OR-operation processing. 
[0104] Whether the peak is influenced of an oblique side is a pair each of sides which face across each peak contiguous to 
the peak, respectively. Although it can judge By judging further based on the sum with the angle of the peak of the angle of 
each peak contiguous to the angle and the peak of the peak, and either of the adjoining peaks based on the angle of each peak 
contiguous to the angle and the peak of the peak The range to which the process which generates the peak of three temporary 
figures is applied is restricted, further, it is cut down and the total number of the peaks of a temporary figure can accelerate 
subsequent OR-operation processing. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In a conventional method 3, since a temporary figure is generated by the 
calculation complexity of O (n log n), the time which the OR operation of a temporary figure takes the machine time of the 
whole processing is almost the case. However, in order to consider as the process B which the peak of an input figure judges 
a salient or a reentrant angle, and considers as the process A which generates only the one peak of a temporary figure on the 
occasion of generation of the peak of a temporary figure, or generates the three peaks When the peak of an input figure is a 
reentrant angle (or salient) at the time of an expansion operation (or reduction operation), three will be generated as the peak 
of the temporary figure corresponding to the peak. Consequently, the number of the peaks of a temporary figure increases 
and there is a problem that the OR operation of a temporary figure takes a long time. 

[0032] As a method of cutting down the total number of the peaks of a temporary figure, generating the peak of one 
temporary figure to each peak of an input figure is also considered by applying the process A of a conventional method 3 for 
generation of the peak of a temporary figure. Hereafter, this is made into a conventional method 4 and the flow chart is 
shown in drawing 29 . In the flow chart of drawing 29 , the above-mentioned process A generates all the peaks of a 
temporary tigure (Step 29-1 1), and other steps are trie same as that of the flow chart of a conventional method 3 shown in 
drawing 26 . 

[UU.33J Unly the specification width of face d carries out the parallel displacement of the two sides which face across the 
peak, and the generation method of each peak of the temporary figure in this conventional method 4 makes the intersection 
of each side by which the parallel displacement was carried out, or the intersection of the extension wire of each side by 
which the parallel displacement was carried out the peak of a temporary figure. Therefore, the one peak of a temporary figure 
is generated to the one peak of an input figure. And a temporary figure is generated by connecting the peak of a temporary 
figure in order. Therefore, the oblique side is contained in the input figure, moreover, when there are many peaks of an input 
figure which became a reentrant angle (at or the time of a reduction operation salient) at the time of an expansion operation, 
the total number of the peaks of a temporary figure can be lessened compared with a conventional method 3, and the time 
which an OR operation takes is also shortened. 

[0034] However, as shown in drawing 30 (a), when the input figure 86 which consists of two or more squares has an oblique 
side, the expansion operation tigure 8 / shown with an alternate long and short dash line is obtained, and since partial 87a 
which should be treated as the interior of a figure is originally recognized as the exterior of a figure, the mistaken temporary 
figure is generated. Also in the case of the input figure 88 which similarly has an oblique side as shown in drawing 30 (b), 
the mistaken temporary figure partial 89a by which the expansion operation figure 89 should be treated as the interior of a 
figure has been recognized to be as the exterior of a figure is generated. 

[0035] this invention solves such a problem, and the purpose is in offering the LISA IJINGU method of the mask pattern 
which can obtain an exact LISA IJINGU figure at high speed, when the figure which constitutes the mask pattern of IC 
contains the oblique side. 
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MEANS 



[Means for Solving the Problem] The LISA IJINGU method of the mask pattern of this invention By the CAD system, each 
side of the input figure corresponding to a mask pattern The process which is the LISA IJINGU method of the mask pattern 
which the exterior or the interior of the input figure is made to carry out a parallel displacement, and obtains an 
enlarged-view form or a reduction figure, and judges whether the aforementioned input figure contains an oblique side, The 
process which judges whether the peak is influenced of an oblique side for every peak of the input figure when the input 
figure contains the oblique side, The process which makes each endpoint corresponding to the peak at the time of carrying 
out the parallel displacement of the side of the couple of the input figure which faces across the peak to the interior or the 
exterior of a figure when the peak of an input figure is influenced of an oblique side the peak of a temporary figure with the 
peak, When the peak of an input figure is not influenced of an oblique side The process which carries out the parallel 
displacement of the side of the couple of the input figure which faces across the peak to the exterior or the interior of a 
figure, respectively, and makes the intersection of each side by which the parallel displacement was carried out, or the 
intersection of the extension wire of each side by which the parallel displacement was carried out the peak of the temporary 
figure to the peak of an input figure, It is characterized by including the process which connects each peak of the obtained 
temporary figure and generates a temporary figure, and the process which carries out the OR operation of the generated 
temporary figure, and the above-mentioned purpose is attained by that. 

[0037] In addition, it is desirable to judge based on the sum of the angle of the peak, the angle of each peak contiguous to the 
peak, and the angle of each of each peak which adjoins the angle of the peak based on the angle of each peak contiguous to 
whether the oblique side is contained in the side of the couple which faces across each peak where each peak of an input 
figure adjoins [ whether it is influenced of an oblique side and ] the peak, and its peak. 
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OPERATION 



[Function] By the LISA IJINGU method of the mask pattern of this invention, first, each side of the input figure equivalent 
to a mask pattern, when it judges whether the oblique side is contained and the oblique side is contained, each peak of an 
input figure judges whether the influence of an oblique side is received. And in the case of the peak which is not influenced 
of an oblique side, in the case of an expansion operation, in the case of the exterior of a figure, and a reduction operation, the 
parallel displacement of the side of the couple which faces across the peak is carried out to the interior of a figure, 
respectively, and let the intersection of each side by which the parallel displacement was carried out, or the intersection of the 
extension wire of each side be the peak of a temporary figure. Therefore, in this case, the one peak of a temporary figure is 
generated to the one peak. When the peak is influenced of an oblique side, in the case of an expansion operation, in the case 
of the exterior of a figure, and a reduction operation, the parallel displacement of the side of the couple which faces across 
the peak is carried out to the interior of a figure, respectively, and three of each of each endpoint corresponding to the peak 
and the peaks of the input figure of a basis in each side by which the parallel displacement was carried out are set up as the 
peak of a temporary figure. 

[0039] A setup of the peak of a temporary figure obtains a LISA IJINGU figure by connecting each peak, and generating and 
carrying out the OR operation of the temporary figure. 

[0040] In the mask pattern of IC, if either of the sides of a couple is an oblique side, respectively, although each peak in an 
input figure will be made into the thing which is faced across each peak contiguous to the peak and which is influenced of an 
oblique side, since an oblique side is used for a part of figure, it is rare that the process which generates the peak of three 
temporary figures is adopted, and the total number of the peaks of a temporary figure can usually, be cut down. The time 
which a subsequent OR operation takes can be shortened and the rapidity of processing is raised. 

[0041] Moreover, by judging whether the peak of an input figure is influenced of an oblique side based on the angle of each 
peak contiguous to the peak, that the process which generates the peak of three temporary figures is adopted decreases, and 
the rapidity of graphics processing is raised. Furthermore, by judging whether the peak of an input figure is influenced of an 
oblique side based on the sum of the angle of the peak, the angle of each peak contiguous to the peak, and the angle of each 
of each peak which adjoins the angle of the peak, the scope of the process which generates the peak of three temporary 
figures is limited further, and graphics processing is accelerated further. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained in detail based on a drawing. 

[0043] The LISA IJINGU method of the mask pattern of this invention is CAD (Computer Aided Design) because of 
verification of the mask pattern of LSI etc. When only the change width of face specified the exterior or inside the figure 
carries out the parallel displacement of each side of the input figure by making a mask pattern into an input figure by the 
system, it is the method of obtaining an enlarged-view form or a reduction figure. 

[0044] Drawing 1 is a flow chart which shows an example of the LISA IJINGU method of the mask pattern of this invention. 

in this example, tirst, as shown i n drawing 1 (a), the mask pattern inputted into a CAD system is inputted into expansion data 

processing or the change width of tace d or each side at the time of carrying out reduction data processing (LISA IJINGU 

processing) (one to step 1 reference of drawing 1 , .and the following — the same) In this case, positive and change width of 

face when reducing are made negative tor the change width of face when expanding an input figure. 

[0045] Next, the data of the mask pattern of LSI set as the object of LISA IJINGU is inputted with X-Y coordinate (Step 

1-2). 

[0046] Drawing 2 (a) shows an example of the mask pattern inputted. This mask pattern 10 has the oblique side section 1 1 
which inclines at 45 degrees in the center section, and the horizontal level 12 of the shape of an oblong rectangle has 
extended horizontally from the edge of the oblique side section 1 1 top. The rectangle section 13 of the shape of a square with 
a bigger length of one side than the width-of-face size of a horizontal level 12 is following the point of this horizontal level 
12. Moreover, in the edge of the oblique side section 1 1 bottom, the vertical section 14 of the longwise shape of a short 
rectangle has extended perpendicularly, and the horizontal level 15 of the shape of an oblong rectangle has extended 
horizontally at it at the soffit section of the vertical section. And the rectangle section 16 of the shape of a square with a 
bigger length of one side than the width-of-face size of a horizontal level 15 is following the point of a horizontal level 15. 
[0047] In case graphical input of such a mask pattern 10 is carried out to a CAD system, let it be the aggregate of two or 
more figures. Namely, the mask pattern 10 shown in drawing 2 (a) Inclination input figure 1 Y of the shape of a rectangle 
which changed into the inclination state as [ show / in drawing 2 (b) ], Oblong rectangle-like level input figure 12' to which 
one edge lapped with the edge of this inclination input figure 1 V top, Square-like rectangle input figure 13' which lapped 
with the other-end section of this level input figure 12", Longwise perpendicular input figure 14' to which the upper-limit 
section lapped with the other-end section of this oblique side input figure 1 1\ this — perpendicular -- an input — a figure ~ 14 
- ' - the lower part -- one side ~ an edge -- having lapped being oblong ~ a rectangle - ** - level -- an input - a figure — 
15 -- ' -- this -- level ~ an input -- a figure -- 15 -- ' -- an other end - the section - having lapped -- a square a 
rectangle - an input - a figure -- 16 --'--******-- a CAD system - inputting - having . Each input figure IT- 16' makes 
it the direction of X horizontally, and makes it the direction of Y perpendicularly, and each side of each input figure 11' - 16' 
is vectorized and read. 

[0048] By this example, for convenience, the vector of each side of input figure IT - 16' is oriented so that the inside of a 
figure may turn into right-hand side. Let six input figures 11' read into the CAD system - 16* be the input figure groups S. 
[0049] when six input figures IT - 16' is read, the read input figure group S is one of the figure operations -- an OR operation 
is carried out (Step 1-3) When an OR operation indicates each side of each input figure IT- 16' by the vector, it is pattern 
logical operation from which it detects whether input figure 11' - 16' is the lap of two or more figures, and the number of laps 
takes out one or more figure portions by judging the inside and the outside of a figure from the sense of a vector. 
[0050] When the OR operation of the input figure group S shown in drawing 2 (b) is carried out, as shown in drawing 2 (c), 
the OR-operation figure F which met the profile of a mask pattern 10 will be obtained. Thus, all the sides of the 
OR-operation figure F obtained are vectorized so that the interior of a figure may serve as right-hand side. And the number 
of the OR-operation figures F with which a vector is closed and generated is registered as "N" (Step 1-4). In this example, 
several N of the OR-operation figure F generated by the OR operation is 1 . 

[0051] Next, a number n (1-N) is given to every [ which was generated by the OR operation ] OR-operation figure F, and the 
middle temporary figure for obtaining an exact LISA IJINGU figure in each OR-operation figure F of every is generated 
(Step 1-5 -Step 1-23). 

[0052] Generation of a temporary figure is carried out as follows. That is, counting of several M of the peak is carried out to 
each OR-operation figure F of every [ which was generated by the OR operation ] (Step 1-6 and Step 1-7), and a set of the 
peak train of a temporary figure is initialized to empty class (Step 1-8). 

[0053] Next, it judges whether the oblique side is contained in the OR-operation figure F of a processing object by 
computing each angle and judging the classification of an angle about all the peaks of each OR-operation figure F made into 
the object of processing, (Step 1 -9). 

[0054] The judgment of the classification of the angle of all the peaks of the OR-operation figure F which is a processing 
object is shown in the flow chart of drawing 3 in detail. That is, first, a CAD system sets the flag D which shows whether the 
OR-operation figure F contains an oblique side as the initial state of "NO" which does not contain the oblique side (Step 3-1), 
and the classification of an angle is judged in order to the M peaks in the OR-operation figure F, respectively (Step 3-2 - Step 
3-20). 
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[0055] If all the peaks of the OR-operation figure F are distinguished in order of the registered peak train, for example, the 
m-th peak is set to V (Step 3-3), in case they will judge the classification of the angle of the peak V, they distinguish first 
whether LISA IJI1MGU processing is an expansion operation or it is a reduction operation (Step 3-4). When LISA IJINGU 
processing is an expansion operation, the interior angle of the peak V is computed as theta (Step 3-5), and, in the case of a 
reduction operation, the exterior angle of the peak V is computed as theta (Step 3-6). This notes having the property as the 
exterior angle of the peak V in a reduction operation in which the interior angle of the peak V in an expansion operation is 
the same based on the fact that the profile of the figure which replaced and carried out reduction data processing of the 
profile of the figure which carried out expansion data processing to the input figure, and the interior and the exterior of an 
input figure is the same. Therefore, you may calculate the exterior angle of the peak V in the case of an expansion operation, 
and the interior angle of the peak V in the case of a reduction operation as theta, respectively. 

[0056] Thus, an operation of the interior angle or exterior angle theta of the peak V classifies the peak V into the following 
six classification T1-T6 based on the value of calculated theta (Step 3-7). Namely, as shown at drawing 4 (a) in the case of 
expansion data processing, as for the peak V, in the case of 0< theta<pi / 2, the interior angle theta or the peak V is 
considered as classification Tl (Step 3-8). Like the following, as are shown in drawing 4 (b), and the peak V is shown at 
classification T2 (Step 3-9) and drawing 4 (c) in the case of theta=pi/2 As the peak V is shown at classification T3 (Step 
3-10) and drawing 4 (d) in pi / 2< theta<pi As the peak V is shown at classification T4 (Step 3-11) and drawing 4 (e) in the 
case of pi<theta <3pi/2 As the peak V is shown at classification T5 (Step 3-12) and drawing 4 (f) in the case of theta=3pi/2, 
in 3pi/2<theta<2pi, it is carried out to classification T6 (Step 3-13), respectively. 

[0057] It changes Flag D into a set state as that by which is followed, and the peak V is included [ the interior angle theta of 
the peak V ] for the oblique side in the OR-operation figure F in one case of the classification Tl, T3, T4, and T6 pi/2 and 
not 3pi/2 but when the peaks V are not classification T2 and T5 (Step 3-14 - Step 3-17). 

[0058] Thus, the result of an operation of the interior angle (or exterior angle) theta of the obtained peak V and the 
classification T1-T6 to which the peak V was set are registered, respectively (Step 3-18 and 3-19). And it is registered 
whether the OR-operation figure F into which the classification of all the peaks was registered contains the oblique side (Step 
3-20). 

[0059] In addition, it is the case where the classification of all the peaks V in an OR-operation figure is T2 and T5 (when it is 
theta^pi / 2, and theta=3pi/2), and moreover, when all the sides consist of oblique sides, although the OR-operation figure 
contains the oblique side, it is judged in fact, to be the figure which does not contain an oblique side. However, even if it 
processes such an OR-operation figure as a figure which does not contain an oblique side as what is made to rotate the figure 
constituted by only the perpendicular side and the level side which do not contain an oblique side, and is in the inclination 
state, there is no especially un-arranging. 

[0060] Thus, if the classification of all the peaks in the OR-operation figure F is judged and the existence of an oblique side 
is set up, as shown in Step 1-10 of drawing 1 , it will judge whether the OR-operation figure F contains the oblique side in 
the state of the set state of Flag D, and reset. And when the OR-operation figure F does not contain the oblique side and the 
oblique side is included again by Step 1-1 1 to 1-14 of drawing 1 , the peak of a temporary figure is generated by Step 1-15 to 
1-21 o f drawing 1 to each peak of the OR-operation figure h, respectively. 

[0061] While setting the m-th peak of a peak train to V as shown in Step 1-12 for example, when the OR-operation figure F 
does not contain the oblique side, the peak of a temporary figure [ as opposed to the peak V for each peak contiguous to this 
peak V ] is generated as U and W based on the process A shown in the flow chart of drawing 5 , respectively (Step 1-13). 
[0062] Drawing 6 (a) and (b) are explanatory drawings of the process A carried out in order to generate the peak of the 
temporary tigure to the peak V, when the OR-operation figure F does not contain the oblique side. In Process A, the parallel 
displacement only of the change width of face d is carried out to the perpendicular direction of each sides UV and V W to the 
exterior of a figure, respectively in the 2 sides UV and VW which in the case of expansion data processing face across the 
peak V as shown in drawing 6 (a) (Step 5-2). As shown at drawing 6 (b) in the case of a reduction operation, a parallel 
displacement is carried out to the interior of a figure. 

[0063] The detail in this case is shown in the flow chart of drawing 7 . that is, it faces across the peak V -- the exterior (the 
case of a reduction operation interior of a figure) of a figure is made to carry out the parallel displacement only of the change 
width of face (vertical distance) d in the case of an expansion operation, and it makes vector U'V' two sides (vector) of one 
sides UV of UV and VW (Step 7-1 of drawing 7 ) this a case - an endpoint -- U - ' ~ the side - UV — a parallel 
displacement having carried out the time -- a vector ~ U'V - ' « it can set - the peak ~ U - corresponding - an 
endpoint — it is -- an endpoint -- V -- ' -- the side -- UV - a parallel displacement — having carried out ~ the time — a vector 

- U'V ~ ' — it can set — the peak -- V -- corresponding - an endpoint ~ it is . Since [ which faces across the peak V ] UV 
and two side of VW(s) are vectorized, respectively as mentioned above, the direction of the exterior and the direction of the 
interior of a figure are discriminated easily. 

[0064] Next, the parallel displacement only of the change width of face (vertical distance) d is carried out to the exterior (or 
interior) of a figure, and the side (vector) VW of another side which faced across the peak V in the OR-operation figure F is 
made into side V" W (Step 7-2 of drawing 7 ). Endpoint V" in this case It is an endpoint corresponding to the peak V in 
vector VW' at the time of carrying out the parallel displacement of the side VW. Endpoint W' is an endpoint corresponding 
to the peak W in vector V" W at the time of carrying out the parallel displacement of the side VW. 
[0065] thus ~ each -- the side (vector) -- UV -- and -- VW -- a parallel displacement -- carrying out ~ having - if-- a 
parallel displacement - the back - each - a vector - U'V -- ' - and ~ V -- " -- W - ' -- drawing 6 -- (-- b --) -- being shown 

- as - crossing - a case --****-- the « an intersection -- the peak - V -- receiving — temporary -- a figure ~ the peak -- V 
„"__'_.******„ registering -- a parallel displacement -- carrying out having had -- each -- a vector -- U'V -- ' -- and -- 
V - » „ w - ' -- drawing 6 -- (-- a --) - being shown - as -- not crossing -- a case --****-- each - a vector -- U'V - ' - 
and - V " — W - ' -- respectively — having extended -- the time - an intersection -- the peak -- V — receiving — temporary 
-- a figure -- the peak -- V -- " -- ' -- ****** 

[0066] The peak of the temporary figure corresponding to all the peaks to the OR-operation figure F is set up one by one by 
carrying out such processing to the turn of a peak train of having met in the direction of a vector, to all the peaks in the 
OR-operation figure F. And the peak of the set-up temporary figure is registered in order along the direction of a vector, and 
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let it be the peak train of a temporary figure (Step 5-3). 

[0067] On the other hand, when the OR-operation figure F contains the oblique side, it progresses to Step 1-15 of drawing 1 , 
for example, the m-th peak of a peak train is set to V, and each peak contiguous to this peak V is set to U and W, respectively 
(Step 1-16). And the attribute of being that in which each peak of the OR-operation figure F receives the influence of an 
oblique side is judged (Step 1-17). 

[0068] The judgment of the attribute of whether the peak V is what is influenced of an oblique side is carried out based on 
the flow chart shown in drawing 8 . Namely, if the angle theta of the already registered peak V is either of the classification 
Tl or T3 smaller than pi (Step 8-1) The interior angle theta in the case of an expansion operation A salient (it is smallness 
from pi), Since the exterior angle theta in the case of a reduction operation is a reentrant angle (it is size from pi), or the peak 

V The attribute of "P-A" is given to the peak V so that not the thing influenced [ especially ] of an oblique side but the 
process A (peak generation process of a temporary figure in case the OR-operation figure F does not contain an oblique side) 
mentioned above may generate the peak of a temporary figure (Step 8-4). 

[0069] On the other hand, the angle theta of the already registered peak V is a larger classification than pi. and when either of 
the sides of the couple which faces across the peaks U and W, respectively is an oblique side, (Step 8-2 and 8-3), and the 
peak V as what is influenced of an oblique side The attribute of "P-B" is given to the peak V as what should generate the 
peak of a temporary figure according to a different process B from the generation method of the peak of the temporary figure 
by Process A (Step 8-5). 

[0070] If this sets to U and W each peak contiguous to the peak V where the interior angle theta turned into a larger reentrant 
angle than pi as shown in drawing 9 When each sides XU, UV, and WY where the side VW is an oblique side and while 
facing across the peak V taces across each of other peaks U and W are not oblique sides, respectively, each peaks V and W 
which constitute the oblique side VW (when it is the level side or the perpendicular side) will be influenced of an oblique 
side as each endpoint of an oblique side. Moreover, in order that the peak U contiguous to the peak V may share Endpoint V 
and the side UV of an oblique side VW, it will be influenced of an oblique side. In order that similarly the peak Y contiguous 
to the peak W may share Endpoint W and the side WY of an oblique side VW, it is influenced of an oblique side VW. 
Therefore, the peak which is not influenced of an oblique side VW turns into the peaks X and Z contiguous to the peaks U 
and Y. 

[0071] As opposed to one endpoint V of an oblique side VW thus, the influence of the oblique side In order to reach even a 
pair each of sides XU, UV, VW, and WY which face across the peaks U and W contiguous to the peak V, respectively When 
it judges whether an oblique side is in a pair each of sides which face across each peaks U and W contiguous to the peak V 
which is a processing object and there is an oblique side, an attribute "P-B" is given so that the peak V may generate the peak 
of a temporary figure according to Process B as what is influenced of an oblique side. Process B is shown in the flow chart of 
drawing 1 1 , and is mentioned later. 

[UU72J "-- P-A « " -- an attribute « giving ~ having had ~ the peak -- V - expansion - an operation -- a case --****- 
drawing 10 -- (-- a --) -- being shown - as - the peak -- V -- inserting ~ two -- a ** -- the side (vector) UV — and -- VW - 
change - width of face (vertical distance) -- d -- only ~ the exterior - a parallel displacement -- carrying out -- making - a 
vector -- U'V - ' ~ and -- VW ~ * -- In the case of a reduction operation, as shown in drawing 10 (b), it considers as the peak 
of a temporary figure [ as opposed to / only the change width of face (vertical distance) d makes me interior carry out the 
parallel displacement of two sides of UVs and VW(s), consider as vector U'V and V"W, and / the peak V for those 
intersection V" ] which faces across the peak V. 

[0073] on the other hand, when the classification of the registered vertical angle V has become either T4 or T6 A reentrant 
angle (it is size from pi) or the exterior angle theta in the case of a reduction operation is a salient (it is smallness from pi), 
interior angle / theta / in the case of an expansion operation ] Furthermore, it judges by whether either of a pair each of sides 
which face across each peaks U and W which adjoin [ whether the peak V is influenced of an oblique side and ] the peak V, 
respectively is an oblique side (Step 8-2). And when a pair each of sides which face across the peaks U and W, respectively 
are not oblique sides, respectively, as that in which the peak V does not receive the influence of an oblique side, the attribute 
of "P-A" is given (Step 8-3), and, as for the peak V, the peak of a temporary figure is generated by Process A. 
[0074] The peak V where the attribute of "P-A" was given thus, in the case of an expansion operation As shown in drawing 
10 (a), in the case of a reduction operation As shown in drawing 10 (b), the 2 sides UV and VW which face across the peak 

V only the change width of face (vertical distance) d the exterior or the interior a parallel displacement - carrying out 
-- making -- a vector ~ U'V -- ' -- and — V"W — ' — ** — carrying out -- those — an intersection — V — " — ' — or -- each -- a 
vector— U'V — ' -- and -- V"W — ' -- extension wire ~ an intersection -- V -- " -- ' -- the peak ~ V -- receiving — temporary -- 
a figure — the peak -- ** -- carrying out . 

[0075] thus -- an OR operation -- a figure - F - the peak -- V -- an attribute -- giving -- having - if ~ drawing 1 - it can set 
- a flow chart — a step -- one 1 8 — being shown ~ as - the peak - V - an attribute — judging « having — the peak -- 

V -- an attribute — "-- P-A " -- it is — a case ~ **** — drawing 5 -- being shown — a flow chart -- being based -- a process 
-- A — the peak ~ 

[0076] On the other hand, when the attribute of the peak V of the OR-operation figure F is "P-B", unlike Process A, the three 
peaks of the temporary figure to the peak V are generated by Process B as what is influenced of an oblique side (Step 1-20). 
[0077] Drawing 1 1 is explanatory drawing of the generation method of the peak of the temporary figure according [ the flow 
chart and drawingl2 which show how to generate the peak of the temporary figure to the peak V of the OR-operation figure 
F according to Process B ] to the process B. in Process B, in carrying out an expansion operation, as shown in drawing 12 
(a), it faces across the peak V -- two sides, only the change width of face (vertical distance) d carries out the parallel 
displacement of UV and the VW to the exterior of the OR-operation figure F, and makes them vector U'V and vector V"W', 
respectively (Step 11-1 of drawing 1 1 ) in carrying out a reduction operation, as shown in drawing 12 (b), it faces across the 
peak V - two sides, only the change width of face (vertical distance) d carries out the parallel displacement of UV and the 
VW to the interior of a figure, and makes them vector U'V and vector V"W, respectively Since all the sides of a figure are 
vectorized so that the interior of a figure may become right-hand side, the direction of the exterior and the direction of the 
interior of a figure are easily discriminable. 

[0078] Thus, although two endpoints V and V" are obtained to the peak V, these endpoints V and V" are registered as the 



3 of 5 



6/3/03 3:00 PM 



http://wvvw4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



peak of a temporary figure, respectively. In this case, the peak V of the OR-operation figure F is registered as the peak of a 
temporary figure, temporary - a figure -- three -- a ** — the peak -- V -- V — ' - V " — as follows — turn -- registering — 
having . That is, since generation of the peak of a temporary figure is carried out in order along the direction of the vector of 
each vectorized side in an OR-operation figure, while being processed in order of peak U-V-W and processing the peak U in 
advance of processing of the peak V, the peak W is processed after processing of the peak V. for this reason ~ the side — UV 
— a parallel displacement -- having carried out -- the time — the peak -- V -- corresponding — an endpoint — V -- ' -- the peak 
U corresponding ~ an endpoint U - ' - the peak V ~ between -- registering - having . Endpoint V" corresponding 
to the peak V at the time of carrying out the parallel displacement of the side VW is registered between endpoint W and the 
peaks V corresponding to the peak W. Therefore, as a peak train of a temporary figure, peak V is registered into the degree 
of peak U' (Step 1 1-2), next, the peak V is registered (Step 11-3), and peak V" is registered further after that (Step 1 1-4). 
Therefore, as the peak of a temporary figure, it is registered in order of U'-V'-V-V'-W'. 

[0079] When the OR-operation figure F obtained when registration of such a peak train of a temporary figure carries out the 
OR operation of the input figure group S is plurality, the peak train of a temporary figure is generated to each OR-operation 
figure F so that a temporary figure may be obtained by each OR-operation figure F of every (Step 1-22 of drawing 1 (b)). 
And a temporary figure is generated by connecting the peak train of all temporary figures to the order by which setting 
registration was carried out (Step 1-23). When the number of the OR-operation figures F is N, the temporary figure 
generated also becomes N pieces. 

[0080] If all temporary figures are generated, an OR operation will be carried out to a full-temporary figure (Step 1-24). And 
the figure group which the OR operation was carried out and was obtained is outputted as data S of a LISA IJINGU figure 
(Step 1-25). 

[0081] An OR operation will be carried out by the calculation speed of O (nlogn), if the side sets the total number of the 
peaks to n to N temporary figures also including intersection. 

[0082] If the peak of a temporary figure is registered to all the peaks to the OR-operation figure F shown in drawing 2 (c) 
based on the flow chart of drawing 1 , one temporary figure 2 1 shown in drawing 13 (a) will be generated. In this case, 
although the number of the peaks ot the OR-operation figure F was 1 8, the number of the peaks of the temporary figure 21 is 
set to 28. And by carrying out the OR operation of the temporary figure 21 shown in drawing 13 (a), the LISA IJINGU 
(expansion) figure 22 shown in drawing 13 (b) will be obtained, and this figure will be outputted. 
[0083] Although classified into "P-A" which should carry out the process A which generates only the one peak of the 
temporary figure corresponding to the peak V by judging the attribute of whether the peak V is influenced by the oblique 
side, and "P-B" which should carry out the process B which generates the three peaks of a corresponding temporary figure 
according to this example The condition judging of a classification of this attribute can be processed at high speed as 
compared with the machine time which the OR operation which is only carried out for every peak and is carried out after that 
takes. 

[0084] and the figure which does not contain an oblique side ~ receiving - any of the peak ~ although ~ since the peak of a 
temporary figure is classified into the attribute of "P-A" by which only one is generated to the one peak, the total number of 
the peaks of a temporary figure is cut down, and subsequent OR-operation processing can also be carried out at high speed 
[0085] In addition, in the above-mentioned example, when the OR-operation figure F has the oblique side, it sets. When 
larger than pi, as shown in drawing 8 , the classification of the angle of (peak the judgment of whether T4 - T6), and the 
judgment V of the attribute ot the peak, i.e., the peak, are influenced of an oblique side [ the angle theta of the peak V ] 
Although it was made to carry out each peaks U and W contiguous to the peak V by whether either of the sides of the couple 
inserted, respectively is an oblique side For example, you may make it judge the attribute of the peak V based on the angle 
(classification T1-T6 of the peaks U and W) of the peaks U and W contiguous to the peak V. 

[0086] Drawing 14 shows the flow chart in that case. In this case, in case the attribute of the peak V is investigated, [ whether 
the classification ot the peak V is either T1-T3, and ] Investigate whether it is either T4-T6 (Step 14-1), and when the 
classification of the peak V is T1-T3 (angle theta<pi of the peak) The peak V is made into the attribute of "P-A" which 
should be processed according to Process A like the example shown in drawing 8 as what is not influenced of an oblique side 
(Step 14-4). That is, if the exterior angle theta of the salient smaller than pi or the peak V in the case of a reduction operation 
is a bigger reentrant angle than pi, it will consider as the attribute of "P-A" and the one peak of a temporary figure will be 
generated to the peak V. [ interior angle / of the peak V in the case of an expansion operation / theta ] 
[0087] On the other hand, when the classification of the peak V is T4-T6 (angle theta>pi of the peak V), it investigates, 
respectively whether the classification of the peaks U and W contiguous to the peak V is T1-T3, or it is T4-T6 (Step 14-2 and 
14-3). and any of the peaks U and W contiguous to the peak V -- although — when it is classification T1-T3 (i.e., only when 
all have the angle of the peaks U and W smaller than pi), the attribute of "P-B" which should process the peak V according to 
Process B as what is influenced by the oblique side is given (Step 14-5) When one classification of the peaks U and W 
contiguous to the peak V is T4-T6, the attribute of "P-A" which should be processed according to Process A is given as that 
in which, as for the peak V, the angle theta of the peaks U and W does not receive the influence of an oblique side in being 
larger than pi (Step 14-4). 

[0088] In the case of this example, the LISA IJINGU (expansion) temporary figure 23 shown in drawing 15 is generated to 
the OR-operation figure F shown in drawing 2 ( c). In this case, the number of the peaks of the temporary tigure 23 is set to 
30. And the LISA IJINGU (expansion) Tigure 22 shown in drawing 13 (b) is obtained by carrying out the OR operation of 
this temporary figure 23. 

[0089] Drawing 16 is a flow chart which shows the example of further others of the method of investigating the attribute of 
the peak V. in this example, the attribute of whether the peak V is influenced of an oblique side is judged based on the sum 
of the angle of each peaks U and W contiguous to the angle theta of the peak V, and the peak V, and each angle of each 
peaks U and W which adjoin the peak V further. 

[0090] That is, when the classification of the angle, of the peak V is T1-T3 (angle theta<pi of the peak), (Step 16-1) and the 
peak V are made into the attribute of "P-A" like each aforementioned example as what is not influenced of an oblique side as 
what is not influenced of an oblique side (Step 16-6). 

[0091] on the other hand, any of each peaks U and W which adjoin the peak V when the classification of the angle theta of 
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the peak V is T4 (pi<theta <3pi/2) -- although -- if it is not classification T3 (pi / 2< theta<pi) (Step 16-2 and 16-4), it will 
consider as the attribute of "P-A" as what is not influenced of the oblique side of the peak V (Step 16-6) 
[0092] however, when the classification of the angle theta of the peak V is T4 (pi<theta <3pi/2) and either of each peaks U 
and W contiguous to the peak V is classification T3 (pi / 2< theta<pi) Only when the sum of the angle of the peaks U or W of 
classification T3 and the angle of the peak V is larger than 2pi, the peak V is made into the attribute of "P-B" as what is 
influenced of an oblique side (Step 16-7). When the classification of the angle of the peak V is T4, the attribute of the peak V 
is made into "P-A" except such a condition. 

[0093] Thereby, when carrying out the expansion operation of the OR-operation figure, the interior angle theta of the peak V 
is a reentrant angle of pi<theta <3pi/2, and moreover one interior angle theta' of the adjoining peaks U or W is the salient of 
pi/2<theta'<pi, it restricts to the time when it is >(theta+theta') 2pi further, and "P-B" is given as an attribute of the peak V. 
Therefore, when only the oblique side (45 degrees or 135 degrees) is contained in the OR-operation figure, the combination 
of the peak V and the peaks U or W with which are satisfied of this condition does not exist, but in this case, the attribute of 
P-A is given and, as for each peak of an OR-operation figure, every one peak of a temporary figure is generated to each 
peak. 

[0094] If either of each peaks U and W contiguous to the peak V is classification T3 (pi / 2< theta<pi) as shown in drawing 
16 (b) when the classification of the angle of the peak V is T5 (theta=3pi/2) (Step 16-8 and 16-9), the attribute of the peak V 
will be made into "P-B" (Step 16-7). In the case where the classification of the angle of the peak V is T5 (theta=3pi/2), if 
there is nothing on such conditions, the attribute of the peak V will be made into "P-A" (Step 16-6). 

[0095] Thereby, when carrying out the expansion operation of the OR-operation figure, the interior angle theta of the peak V 
is a reentrant angle of theta=3pi/2, one interior angle theta 1 of the adjoining peaks U or W restricts to the time when it is the 
salient of pi/2<theta'<pi, and the peak V is made into the attribute of "P-B" as what is influenced of an oblique side. 
Therefore, when only the oblique side (45 degrees or 135 degrees) is contained in the OR-operation figure, the angle theta of 
the peak V is 270 degrees, and only when angle theta' of the peaks U or W is 1 35 degrees, the three peaks of a temporary 
figure are generated by Process B as that in which the peak V receives the influence of an oblique side. 
[0096] If either of each peaks U and W contiguous to the peak V is classification T2 (theta=pi/2) or T3 (pi / 2< theta<pi) as 
shown in drawing 16 (c) when the classification of the angle of the peak V is T6 (3pi/2<theta<2pi) (Step 16-10 and 16-12), 
the attribute ot the peak V will be made into "P-B" (Step 16-7). Moreover, if either of each peaks U and W contiguous to the 
peak V is classification Tl (0< theta<pi / 2) and the sum of the angle of the peaks U or W of classification Tl and the angle 
of the peak V is larger than 2pi (Step 16-11 and 16-13), the attribute of the peak V will be made into "P-B" (Step 16-7). In 
the case (3pi/2<theta<2pi) where the classification of the angle of the peak V is T6, if it has not been such conditions, the 
peak V will be made into the attribute of "P-A" as what is not influenced of an oblique side (Step 16-6). 
[0097] By this, in carrying out the expansion operation of the OR-operation figure the interior angle theta of the peak V -- 
3pi/2 < - one interior angle theta' of the peaks U or W which are the reentrant angles of theta<2pi and moreover adjoin — 
pi/2<=theta' -- or [ that it is the salient of <pi ] ~ or It restricts to the time when it is >(theta+theta') 2pi in the salient of 
02<theta'<pi/2, and the attribute of "P-B" is given as that in which the peak V receives the influence of an oblique side. 
Therefore, when only the oblique side (45 degrees or 135 degrees) is contained in the OR-operation figure, the peak of three 
temporary figures is generated by Process B as what is influenced of an oblique side only at the time of angle theta-135 
degree of the time of angle theta -90 degree of the angle of theta= 315 degrees of the peak V, and the peaks U or W or the 
angle of theta= 315 degrees of the peak V, and the peaks U or W. 

[0098] Although the attribute of the peak V is classified into "P-A" which should carry out the process A which generates 
only the one peak of a corresponding temporary figure, and "P-B" which should carry out the process B which generates the 
three peaks of a corresponding temporary figure according to this example, the condition judging of a classification of this 
attribute can be processed at high speed as compared with the machine time which the OR operation which is only carried 
out for every peak and is carried out after that takes. 

[0099] and - the case of the figure which does not contain an oblique side - any of the peak - although ~ the peak of a 
temporary figure is classified into the attribute of "P-A" by which only one is generated to the one peak Moreover, the figure 
which contains only an oblique side (45 degrees and 135 degrees) to the level side in addition to the perpendicular side and 
the level side is also received. The angle (the case of an expansion operation the case of the angle of an interior angle, and a 
reduction operation angle of an exterior angle) theta of the two continuous peaks, and the combination of theta' theta= 270 
degrees and theta -1 35 degree, and theta= 3 1 5 degrees and theta -90 degree, In the case of three kinds (theta= 3 1 5 degrees 
and theta-135 degree), it is restricted, only the peak used as the angle theta is classified into "P-B" so that three may be 
generated as the peak of a temporary figure, and other peaks are classified into "P-A." 

[0100] Therefore, in this example, the number of the peaks of a bird clapper of a temporary figure is very rare for the 
attribute "P-B" to which the process B by which the peak of three temporary figures is generated to the peak of an 
OR-operation figure is applied. Consequently, the number of the peaks of a temporary figure can be cut down remarkably, 
and it becomes possible to shorten remarkably the time which OR-operation processing of a temporary figure takes. 
[0101] In the case of this example, the LISA IJINGU (expansion) temporary figure 24 shown in drawing 17 is generated to 
the OR-operation figure F shown in drawing 2 (c). In this case, to the total 1 8 peaks of the input figure h, the number of the 
peaks of the temporary figure 24 is set to ll, and the four peaks are increasing it. And the LISA IJINGU (expansion) figure 
22 shown in drawing 13 (b) is obtained by carrying out the OR operation of this temporary figure 24. 
[0102] Theretore, in a complicated figure like a circuit pattern with bending [ much ], when the oblique side is used locally, 
by this example, the scope of the process B which generates the peak of three temporary figures can be limited, and 
high-speed processing is attained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translates^ computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can nol4>e translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I] (a) And (b) is a flow chart which shows an example of the procedure of the LISA IJINGU method of the mask 
pattern ot this invention, respectively. 

[Drawing 2] They are the input figure as which (a) is inputted into an'example of the mask pattern of LSI, and (b) is inputted 
into the CAD system of the mask pattern, and the OR-operation figure obtained by (c) carrying out the OR operation of the 
input figure. 

[Drawing 3] In order to judge the classification of the angle of all the peaks of an OR-operation figure, it is the flow chart 
which shows an example of the procedure of a method. 

' [Drawing 4] (a) - (f) is explanatory drawing of the classification T1-T6 of the angle of the peak of an OR-operation figure, 
respectively. 

[Drawing 5] It is the flow chart which shows the procedure of the process A which is the generation method of the peak of 
the temporary figure to the peak of the OR-operation figure when the OR-operation figure does not contain the oblique side. 
[Drawing 6] (a)' And (b) is explanatory drawing of the generation method of the peak of the temporary figure by Process A, 
respectively. 

[Drawing 7] It is the flow chart which shows an example of the procedure at the time of carrying out the parallel 
displacement of each side of an OR-operation figure. 

[Drawing 8] Each peak of an OR-operation figure is the flow chart which shows an example of a procedure which judges the 
attribute ot being what is influenced of an oblique side. 

[Drawing 9] It is explanatory drawing in case the peak in an OR-operation figure is influenced of an oblique side. 
[Drawing ID] (a) And explanatory drawing of the generation method of the peak of the temporary figure to the peak which is 
not mtluenced of the oblique side in the OR-operation figure containing an oblique side, (b), and (c) of (d) are explanatory 
drawings of the generation method of the peak of the temporary figure to the peak influenced of the oblique side in the 
OR-operation figure containing an oblique side, respectively, respectively. 

Drawing 11] It is the flow chart which shows an example of the procedure of the method of generating the peak of the 
temporary tigure to the peak of an OR-operation figure according to Process B. 

Drawing 12] (a) And (b) is explanatory drawing of the generation method of the peak of the temporary figure by the process 
3, respectively. 

Drawing 13] It is the expansion operation figure obtained by the temporary figure generated based on the flow chart of 
drawing 1 "firthe OR-operation figure which shows (a) to drawing 2 (c), and (b) carrying out the OR operation of the 
temporary figure. 

[Drawing 14] Each peak of an OR-operation figure is the flow chart which shows other examples of the procedure of judging 
the attribute of being what is influenced of an oblique side. 

[Drawing 15] It is the temporary figure generated based on the OR-operation figure shown in drawing 2 (c). 

[Drawing HTf (a) - (c) is a flow chart which shows the example of further others of the procedure in which each peak of an 

UK-operation figure judges the attribute of being what is influenced of an oblique side, respectively. 

[Drawing 17] It is the temporary figure generated based on the OR-operation figure shown in drawing 2 (c). 

[Drawing TS] (a) is [ the enlarged-view form and (c of an example of the input figure of a mask pattern and (b)) ] the similar 

tigure. 

[Drawing 19] (a) - (g) is explanatory drawing of expansion data processing of an input figure, or reduction data processing, 
respectively. 

[Drawing 20] It is explanatory drawing of the portion with which an example of the input figure at the time of (a) verifying 
the minimum spacing of a mask pattern and (b) are not satisfied [ with ] of the enlarged-view form of the input figure, and 
(c) is not satisfied of minimum spacing. 

[Drawing 21] It is explanatory drawing of the portion with which an example of the input figure at the time of (a) verifying 
the minimum width of face of a mask pattern and (b) are not satisfied [ with ] of the reduction figure of the input figure, and 
(c) is not satisfied of the minimum width of face. 

[Drawing 22] It is explanatory drawing of the portion with which an example of the input figure at the time of (a) extracting 
the held which can be wired, and (b) are satisfied [ with ] of the enlarged-view form of the input figure, and (c) is satisfied of 
the field which can be wired. 

[Drawing 23] The enlarged-view form of the input figure and (c of an example of the input figure at the time of (a) removing 

a notch and (b)) are the reduction figures of the enlarged-view type. 

[Drawing 24] (a) And (b) is explanatory drawing of an OR operation, respectively. 

[Drawing 25J (a) And it is the input figure from which, as for (b), an exact enlarged-view form is not obtained depending on 
a conventional method 2, respectively. 

[Drawing 26] (a) And (b) is a flow chart which shows the procedure of a conventional method 3, respectively. 
[Drawing T7J (a) - (c) is explanatory drawing with a required OR operation, respectively. 
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[Drawing 28] It is a temporary figure [ in / the expansion operation of the input figure / (a) with a conventional method 3, 
and / in (b) J. / an example of the input figure of a mask pattern 

Drawing 29] It is the flow chart which shows the procedure of a conventional method 4. 

Drawing JUJ (a) And (b) is the mistaken enlarged-view form generated by the conventional method 4, respectively. 
Description of Notations] 

10 Mask Pattern 

1 1 Oblique Side Section 

12 Horizontal Level 

13 Rectangle Section 

14 Vertical Section 

15 Horizontal Level 

16 Rectangle Section 

11 * Inclination input figure 
12' Level input figure 
13' Rectangle input figure 
14' Perpendicular input figure 
15' Level input figure 
16' Rectangle input figure 
F OR-operation figure 
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generate the temporary figure, which is ORed (step 1-24). 



(57) Abstract: 

PURPOSE: To perform fast enlarging or reducing 
arithmetic processing for the input figure of a mask 
pattern by a CAD system. 

CONSTITUTION: It is decided whether or not the input 
figure has a hypotenuse and when so, it is decided 
whether or not each vertex is affected by the 
hypotenuse. When the vertex is affected by the 
hypotenuse, end points corresponding to vertexes when 
the pair of the sides of the input figure which contains 
the vertex are moved to inside or outside the figure in 
parallel are decided as the vertexes of a temporary 
figure together with the vertex (step 1-11). When the 
vertex is not affected by the hypotenuse, the 
intersections of respective sides when the pair of sides 
of the input figure that contains the vertex are moved 
to outside or inside the figure in parallel or the 
intersections of prolongations of the respective sides 
that are moved in parallel are regarded as the vertexes 
of a temporary figure for the vertexes of the input 
figure (step 1-14). Then the respective vertexes of the 
temporary figure which are obtained are connected to 
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Uio^:tS3 0 aii, -E-C0H^*l»ti!c^^#a 3 0 b 
*3 J: 3 0 c ^^n^^W f^tti" & i: iz «£ ») JHjft-** 

z^^, si 19 (d) izm-txii-s ifiras«3 

rHSii^iiaSPBI® 3 6 ^IW^iB3 5 izmtx, 
mi 9 (e) U^+i^U, SJBMWBIB3 5«rEBft® 
iBaB3 7i:lx.rv^ 0 Ziit:j:i), 119 (f) 
U^fiE^SB CJt^y>^[llB) 3 l^ftbn^o 
[0 0 0 7] aS/h{»*:o»^*>, |W|«t^ IBlFIHf 

h * nfzmummimfmmmm^ntxmf& s n^oa 

A®»Wia?KS:BI»wnWt Lra^^fcUJ: »), Hi 
9 (g) tl7Pi-ai/MIB W*t4¥>>fWm 38$m 

[0008] \zLxnhi\tz')+Y4 v > >fW& 

[0009] m-tmmmmmm±, mk^^t 
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3 

[H20 (a) (ZTF-fioiZ, fflSCffi U & o f:-*f<^ 
-7X*/**->lZffiai-£A;fcaB4 l £>J;^4 2 ^\ 

02 0 (b) tc^i-J: -9 (i, &Atf0ffM 1 is J; 0*4 2 
«^MISdOl/2C0i|(l"C-i£*:}S»L, 11 2 0 
(c) iZjr.'tXniz^ i£izm#Ziitz } )V4 is>rmj& 

«r*)«#4 5 lit, &A£J0B4 1*3 J: CM 2 (±«/MB 
Pid SriftJELTt^iv^t^i: LtS^t^o 

[0 0 10] ft/jMpB^flii, IJlRtf. 02 1 (a) [zm 
1" <t -? irf^7X^/^-x:ffl Si"* SB 4 

0, ^^^^9->{znMi-^>Xtim^4 6 

ftdco 1 /2 0fi"Ci/h»IL, El 2 1 (b) tl^i-<t 

SB 4 7 aiSitM 7 b ClfrHiSft*: . 12 1 (c) 
i'TF-r J: ^ (c, <-OjMtSitfc«*4 8***/MM-ftd 

[0 0 11] E*pr^**Wffla(±, fflx.(i\ 122 
(a) Izm-rXolZ^ -t-CUEaSiiTv^Sifi^J: 

52, 5 3 ^, 022 (b) Izmir £ n E««<7) l 

/ 2 <h E*Mt/MmRK t l v^-ts d ^tt-ttt-pn 

i£*?R*L, 02 2 (c) U^-J-J: ^.tc, fi£*«#?ii 
/:& t Jf1'v>^l®5 4, 5 5 , 5 6 J^OfiiS 5 7 

[0 0 12] J tzl*2*1&(Dl&&bl±, ~? 7,9^9 

-^UfcitaXy («0fc*8B#*>WP)II) . 

*), Will 02 3 (a) d^-fJ: ^ / -y ^6 1 a 
XllWiWt 6 1 co*^H(±, ^7f 6 1 a<7)f/h 
*B-+ttdOl/2<0^jStN ii6 1 JfU 0 

23 (b) {zmi-x^iz, tj£±mnzi'itz*)*r 4 vvm 

§62 -f-Oft. 02 3 (c) U^i"J: ^ (1, ffi 

-kfenZiitzWJ v >^0B6 2 SrPJi:-tife (d/ 
2) /itt»/M**1-*o / 7f6 1 a<Ofr+j£**, fk/J, 
*T+i£d SrMJELTv^u^ fi-tm *8/Hfc#t:: <fc o T 
'&h1ttz*)*rj iS>?mM6 3(±, 77f61 a 

[0 0 13] ICO7X^/^-/«t^0iS^ 
9 4 7 4*£*i:ii, n>^-?-£JgfflL^K«^ 

s^snrijt), tfc, ^^ip 6 - i9ii o*&*ti 



(3) 1$W8 - 2 2 7 4 3 1 

4 

[0014] ttz, »*^»oia©*»ai-*!iz-stt*» 
<b > HBffi* u li A & 7 n, =f ij X a 75 ? #«tS* s it r 

[0 0 15] [A Concurrent pattern Ope rati 

on Algorithm for VLSI Mask Data(Proc. 18th Design 
Automation Conference, 1981) J W&\9M<OT> 

70 <0«^S:!**jt 1 tirZ) o OR««li, Hff^iotl 

**#i»«:ffltai-4«#-e*»}, C<7)««t?(i, OR* 

»nftm<nxfimw^mm*$kZnt-fz>t, o(n io 

[0 0 16] ORiS»<7)— 02 4 C^i" 0 02 4 

(a) tiTpi-J: -7 il, /h^^iE7Vff^^A^0B6 5 

iasr-^ MMfci-& 0 *0iJ-ei±, MH^(i0^(7)rtgr^ ? 

^^J:9ti^^ h^^t^^^o fit, ^ h;u<7)ffi]^ 

^6Xy^0B6 5-6 8<7)*i>)aS:f»T. 

1 ^±06155^^*) IllJiUo BBPBBTfcv* i o 

<7>xijia®ofii o sfcii i xh n , 0§owMii o xh 

h 0 ttz, 2o<7)X^0ff^ ? m^oT^^gT>^^ii, £ 
30 4*}&{±2tr*f), P^PgP(im^ OtSc^ ? - 1 U*^,o O 

rm»<7)®*, 024 (b) izmirmr^m^^, mz 

[0 0 17] S7t, ia»<!Offi*i3j:V«/h»|HcB8LT 
l±, TAn 0(n log n)algorithm forLSI layout resizin 
g problems (ISCAS '85,1985) J CSftSiitt^ (WL 

40 [0 0 18] z.<ntzib\z, XftmB&<nBm$MZ n t 
+ *t, 3ii»WU«±. 0(n log n)Oft»IliSHT®3a 

[0 0 19] L^t , &-&mzi±Xlj[S\te£V ( Yj]&llz 

tv^/:^C, X«i:itLT 4 5 0 -ifciil 3 5 0 

■e*&7& f , $4iSC0«La**1ftSitc4*o Will 02 5 
50 (a) (I7pi-J:^tc, — *+<!0«*ia7 1 &£V*7 2 Of^ll 
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*S^7MPi2 7 3 J:^^AtHHB7 0^, [3 2 5 

(b) iCTjrTJ: T ^3 7 4 t7K¥3 7 5 fcOPflUffl 

^an:^7 6 x n^xtim^7 iz, *¥22 7 

3 is CKSiSa 7 6 OS $ J: ») t ± £ fc^Mffi^ffi^iSr 

v\> ftiaB<7)iEW^ffi:*i»»«taBi?B«±, d25 (a) 

i3«fct>* (b) lz—&M$$iXfjk'f X n 7MPiS7 3j3J: 

ii, #i22C0X^^J:t>'Y^Ol£^31l^> 
7K¥i3 7 3 £R tr— *tO&4i2 7 1 is J: V 7 2 (D5z$Mt 

mum 7 6 zwttfflm 1 4 # * ^sna 7 5 035* 

Bt#ri f > ^it^ito&SK&So C^J:o«llt 

& jjii £ i& jp l & frt it if lEBi & > j -*m v >^mf^n^> 

[0 0 2 0] SibU. rffi«^Jtia«r#trL S I 
>Ojj£^; • Jg/Jv^j£ (tf#^31^ffl^^DA43-4, 19 
88-7) J tzii. ttftAgEa^^*^A^JiaBS:*t*4: L 

U*>fy> ^ EBB S: » -5 *ffi**BB ^^iti^ (JIT, 
[0 0 2 1 ] ZCOUm£3 W7n-f^- h 6 U 

(12 6 (a) ^f7 7° 2 6- 1 , JSJLTW*) , 

2 6-2) o fit, is^a^n^A^nif^s £OR 

(^77^2 6-3) o 

[0 0 2 2] TX^/NV^->^II^cOllI©UJ:or1t^: 
SitfcB^Si: LT A2j$ita»£*u:id\ 

> £ j£*a»«ia t tz iist/NSg&a-r %> m iz , o r a 

I«&:4^o 00*. if, 127 (a) ICtP1"7X^ 
?->8 0£, 12 7 (b) tiTj^i-J: n \z z ^xr>^eM<n 
8 2 , 8 3 tLtAJ$n^C, O 

RiMMta-r* ctir< i£*«»«Lai-* t . la 2 7 

(c) iC7p1-J;^t^ ^TOX*l2B8 1. 8 2, 8 3 

8 3 {zn-t&Sfc-km^Z 1 ' , 82' , 83' i)mh 
iU Zixh<D$Z±m^% r . 8 2' , 8 3' ^rORil 

LTOR Si Jt**#5? i:i*o 

[0 0 2 3 ] ^<7>f£, X^Jia?KSc0OR}»*ftia^C0EI 
BRtNkLT (Xf 7^26-4) , Nffl^X^H® 

2 6-18) o 

[0 0 2 4] mmm<7>£kf&izmLx, nfgoASffi 



(4) it#^W8 - 2 2 7 4 3 1 

6 

M^Mtl (Xf77'26-7) , ^rTcoiI^^lI^ 

2 6-8) o f LT, ^TOH^U^LT^Hff^(7)7l^ 
*£l£1-& (Xt7 7 , 2 6 - 9 - 2 6 - 1 6) 0 
[0 0 2 5] (RH^OHjftti* A^l^FUistt^m* 
yiJOm* MOTIFS: V, -€-<7?H* V (D^< 9 b ^0^[p] <h 

Bf^i-^lI^SrWi: L (XT7-/26-10) , 

J0 6-ll)o tit, U-*>f v >^^ffi*?«»C0it^H 
i±, H^VOf^j^^C,^ (7^J:^}^)/J^) tf\ HA ( ff «t 
i>±) fr*m7z1r2> (Xt7 7 4 2 6 - 1 2 ) o.H^V 

<t i>'vw*^it-?itgesin d /fit o R«#0tf2c9^er>u 

¥ff^»iLr#^it^#^^ h ^(i-titibcoffifiSR 
(O^iSSrlSEIff^TS^ti - ^ (Xr77 P 26-14) 0 

O 

[0 0 2 6] itz, n>fv>WJ£^ft*oT, 

U Vis J: C>*VW*-eit^itfE5BdfittOR}S#iaBco 
mWZW-fttm LX&bft2>&'<? bfrU' V* isj;^ 

v" w ois^vuw/Si-^-E-it^itcoS^v' is<t^ 
-E-it-Tit, 1KEl^co]I*t LX&m-tZ (*tv7 0 

26-15) o j; >> %iKm^<nin&<v±j&^mi7° 

n-lrXB tt-So 

[0 0 2 7] U-t-f v>y^ s aS/H»J|:«0»^(Zfe, 
V<7)rt^^i!lA (* J: 19 *>/h) *s IH^ ( 7T J: t9 i^r) 
50 ^S:fJ56L (Xf 77'26-13) , fi*«f<7)»^4: 

<toT, H^V^^tr— W^aU Vis i^VWSr-5-it-? 

it«M«a d fiito Rmnmw^nu^mmm 

itS^t^ h ;ui^ii^it^<7)Mftl&0^c.arS:jKI2lf^<7)TI 
&t1r2> (Xf 77 4 2 6 - 1 4) o ] J^t-fv>^^/h 

XBCiot, H^V^^tr— it<7)iau Vis <fc tfVW* 

-e-it-pitgeiEw d ti^oRmnmw^^nA^mm l 

T?#^it^#^^ h;uu' V is^O'V" W* ^H*V 
40 U^t^MJ' isi^V" OR«»BI^lI* 
Vt«r, V , V, V" COJBU, -titbit. fKEIff^H 
LT^iSI-^' (Xr-^-7 e 2 6-15) 0 
[0028] z<n&nt*fomi&<ni&&<r>&8L*, OR® 

26-17) , imm<nmwznfzm**nmizmjzz 

tizz*)^ fK0JBrt«fej£Sit£ Ut 7^2 6-1 

8) o tit, ^«:SitfefEBIJKS:ORia*Lr (^x 

7^26-19) , oRmn^i^tzmw^')^^ v>? 

IBS t LTttl^Sit^ 1X777^2 6 - 2 0) 0 f£0 
50 JF^i, ^ ? ^L^^H^oT^^^\ ORilfCJ: 
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[0 0 2 9] CC0?,t*S3T^ H 2 8 (a) 

tiTni-J; ^ tz, Kaftan 8<7)A^(a^8 4C0»^C 
(i, El 2 8 (b) Cgti^C, 7f,£f£^3 2 coj^dlB 

[0 0 3 0] Z<DX n fc«£ffl3;££Tii, X^ffiltTt 
iiY^faO^-f n^*— ^fp]OSkStz i: oT, £BZ2£^ 

t^t t , ») coi v^iEffli u -9->f v > ^sw^tts Z. 

)Ifi:ML, OR»*BI^£-Jffl+SC:i:U:J: •) »T 
1-S/j#>U, 0(n)O^&Tffii£U&3l1-SC t^"C§ 

s D aco^aa^fc^ii|gife$n^oR«* 

tc, ffiSSl £J*ffl1"SC <hU J: *K «ft2C0ORS 
o(n log n)Wtti«»t«S:*Sr-S 

S o 

[0 0 3 1 ] 

\±, 0(n log n)cotW«*K-e^*S*i4 7t*t^ 

^itmm^m <± , &mM<o o r mm ust s n*iw a* ia 

fzfriz, it*** (4fc(i«/H*J|) 0#UA^HBCOH 
Si" * iEmf^m* tLX3 S iiS d <h 4 

[0032] iKmr^mm^i^mm-t^iiit lx, 
mmnTR&iSLiSrt-zzt *ta 0 wt, 

fi£*it4 t U f07U-ft- h £112 9 t*7Fl- 0 s 
2 9^7n-ft-ftit fSISff^^TOll**, mT 
^(7)7°n-bx Ate «£ oT^J&ihS «fc ^ t:^otio ») (x 
r77'29-l 1 ) . ii$L<DXf- y "/(i, 12 6 t^ffiS 

[0 0 3 3] z<n$£&&4X*<ni&mM<n&TR*<n±i&'Jj 

T> \-ftWfo(» 1 oo]I*(c*tLT!RI2Iff^ 1 oos,« 
* T ^«Sit4o fit, IKBHKoffiAtWSUiBf-KCi: 



(5) !RfW¥8 - 2 2 7 4 3 1 

[0 0 3 4] Lrt*U H 3 0 (a) \z^-t H n iz, 
<n m n fit frb & S a* W& 8 6 ^&W2 «: #i- S ^ H 

HJgcortSSi: LTft*>nS-<iSB*8 7 a A*, iiojf). 

So rai*^, 030 (b) cftioaam^A 

mt LXmt>ix^-<m»S 9 a^ta^^O^i: LTB 
JO m £ iiTtKo rt:lEBHert f £ia $ it S o 

[0 0 3 5] ^0<t-5 5rW««r<B*i-4t><7> 

T*»K -f-<7>Btfjti. I C<r>-?X?'*9->*mf&i- S 

Hf^, SSiST#S :t^^-7X^/^-><7)'Jf 
>f v > ^?rft£t)if£1-S c t H*So 
[0 0 3 6] 

t^f-yiznfci-zxtimmto&mz, ^<nx-nm^ 
20 <r>nui?zi^mzmf%mz^xij£±mm* fci±«* 

t. ffirEA*iaB*Wia«:^tf?J^-5 ^^*j^-rsxfi 

aortas 7t(i^«tz^if»»Lfcieo^^ 

tz &m<D&& $ tz aw-mm s n ^ «-2zo®fii»o3s * 
^#^i^7^M[lff^^#7I*^ls^T^gEl^^^1-s 

Igt, ^Sn/iiKiaSSrORa^i-SXefc, ^r^. 

[0 0 3 7] XtfUB^&TI^^ g*acO*$W* 

5 i t S ^ f ^ ^ S: , ^ <n m * i c BS® i" S #1S^, * ft tr - 
40 ^(7)?7ltz$4?Z2A ? ^f iiTv^S^^o ^CJ; oT, &Sv> 
^<7)lI^^^«i-S^]I^0O^SUftc?^T, *S 

J$tcofPi:(iSo%^T, *lJ^i-SCi:Wi L^o 
[0 0 3 8] 

«ia* f ^4*iTv.^^f-7^t*«jSL, »a* f ^i 

itT^Siir^Uii, AtJ[HBO#3l^^\ «*aco»WSr 
50 Olti^f^MflSt-So *LT, »fflO«W«:**t 



-5- 



9 

[0 0 3 9 1 fSBI^OlI^K^StLSi:. #TR*£f£ 

[0 0 4 0] A^EISte£lt&#m*t3\ -f-OTi^UB 

"CiMUf, $f22<7>fl£«*£li£ *><^ ICO 
7X^A7->m i§?K\ *fa(il3f^— SIWeLj^iJ 
JH£*L&^?t*!>te, 3ooiSgl^(7)lI^?r^«:i-^ v°n 

[0041] tfz, xtimf^^^mm^m^^ 

^Tfl^l-^-Mej; 0 , 3 oojgglS^lI^Sr^Jffii" 
SrSit^^i:^^*, -f-Olf^O^JS t , foil -Steffi 

[0 0 4 2] 

[0043] $^^7x^/^->on^f v>>ft5 

j£i±, LS I<iO-rx^/^->^SE*Ofci6i:, CA 
D (Computer Aided Design ) yXf^CJ: <9 , 

[0 0 4 4] ^^W^^xf-sp-xW^-i 
fllTti, Ell (a) teTjrTJ: ^ te, CAD'/Xr 

'N£*«L3 ( u ^ >r v ^ ^aa) -t^Ko^a^Mfi 

IE. »/M-&t*^8E1E«S:Hi: + 4o 



(6) 2 2 7 4 3 1 

[0 0 4 5] ^iZ, 'jtl'y/WI^^LSKT) 
(Xf77'l-2) o 

[0 0 4 6] [12 (a) (i, A* Sit^x 

SU4 5KC«»t4*fa»l l«r*LT*J*), -t<7)j» 

^^[pJUJStB Lti^o ^OtMPSH 2<7«fcS8gBte 
(i, — aoSS7i s 7lc¥BB 1 2 Ofi^iti *9 <>*S 4 IE*" 

eieSttiLTiJiK -e-<^Sii:»oTSB«^«Koft*JB 
^7K¥«T>1 5#*?fc¥tei£aj LT^&o fit, 7K¥ffi 

[0 0 4 7] Z<DX n 1 Oii, CAD 

■>XrA teEI^A* £ *t£ Bf te. fitcoiB(7)Mtt <h 
£^£ 0 i~ H2 (a) t:^fvx^;^-> 1 
Oti. 13 2 (b) te^-f-J: te. ffi^ilte^o^S^ 

20 ^ttco«$*A»H»i 1' t, ztommxtsmmi i 9 

otMFA^EWM 2 ' :^*¥A»12' offli 
^»«tefi&ofciE*JF^o*B?BAt;ia?Kl 3' 

zommxumMi i 9 ott^^ssccisa^i^o 
^ffigcosisA^iii^i 4' t. e.(7)Sii:x*iia^i 

tK^A^IUBIS' :^*¥A?]@il5' tout* 

oaateKirofciE^jBttoffiBx^iaBi 6* 

CADvXrACAi^Uo #A#EI»1 1' - 
30 16' ti. *^[pjS:X*|fi], aH^lfilSrY^lpJi: L 
T. Sfc. 1 1* -16' <nztL<?iv<nm 

[0 0 4 8] Atf0ff^ 11* -16' 0&i3<7)^ h ;u 
(i, *H*feWJT*t±. fieniftte, 0^O|*i1BiJ* s ^fflltei^ 
«t te^rfpj#tt^nrv^ 0 CADyXrACl^^ 

it/e6«oA*a»i 1 ' -16' i±, xtim^mst 

[0 0 4 9] 6l<7)Atli]F;l 1 ' -16' m%^ht 
it. &XjlW1&l I 9 -16' <D^rti^ix(Dmi^^ h 

imm-fzztKx 19, x^m^i i' - n' 

[0 0 5 0] 12 (b) te^i-A^EHB»S*OR«* 
i-^fc, El 2 (c) te^-TJ:^te x 7^^;^->10 
OttJP te o tz 0 R « F ^ n ^> C fc te 4 ^> 0 

50 mM^ftU^temtb&Znlz^? FMtSiitv^o 
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<-Lt\ h;u**PBMSit"C^«t*n*OR«#BI?K 
FCOS^ TNJ ilLTli^n^ (X7^y7°l-4) o 

^mmx-i* , o r iz i o t^/s s n/j o r }*»ia 

ff^FO&Nti 1 T&&<> 

10 0 5 1 ] ^il, ORi«CJ:ot4«SiifcOR» 
»EISF«tcS-^n (1-N) W^nt, #ORS» 

ttfcjRBI^**£j£3ii& (Xf7^1 -5-Xr--y 7°1 
- 2 3) o 

[0 0 5 2] jg|2IBO^«;(±JaTOJ: -9 (CLTHtfeSn 

SBFftC, 7I*0»M*tH&LT (x-f * 7° 1 - 6 is 
J:^x^7-7 0 1 - 7) , <KiaB^TS-ftyiJ<!0*^*^*^ 
tliOfflfti-^) (Xr77 p l-8) o 
[ 0 0 5 3] ^H, JiiWfetSiitt^^ORait 

Hff^Fo^rcoii^uo^r, -e- *i -en <?) Astern l 

( x f- y y> 1 - 9 ) o 

[0 0 5 4] ftl^t t: ^ o t v ^ O R F 

-Mi, OR?a*BI^F*^aS:'&tr^i:* J 5 ^Sr^i-"7v 
ZDS:, £HZ2£^A,T^£^ TNOJ OW«!tt!ffiUK:5c 
LT (Xf77°3-1) , OR«#HIBFlzi3(tSMlH 

oiijfttcAtL-c, fiiflnifc, nm<om$w*mfe* 

ti& (Xf 77°3-2-Xf7y3-20) o 
[0 0 5 5] OR«»0BFO^TCOH*ti, Sg&n 

(Xf 77^3-3) , *O]S*VC0fcK*>«8U 

*^^«|/h?^W"C*^^«:*iJgiJ1-^ (Xf7 7° 3 - 

4 ) o «;^>r v >^«ta* s i£*:}R»o»^ic(i, -ecom 

jSVcOfifta** t LTjfffiSii (Xf-V7°3-5) , fts 

^ hungers. ffi*?HJ|tti*5«t*lI.«v^rtft**, 

S^.V^W, is J: 0TS/hSI*<^»^ U # 1 1 £ TI £ V 60 

[0 0 5 6] -<7)<t 9 ULTH*V<7)|*lAi/iii^^ 

fi, ffl i imjco 6 oolgij T 1 - T 6 ? U ^ 

(Xxy^3-7) o 1" fi*il»)6IO**i: 
&^T, El 4 (a) CStiol:, 7l,£ V <7)[*j^ 0 
0 < 0 < a-/2 co»#tcti, H^ViittgUT 1 <h 
(Xf 77*3-8) o J^TPTOU, @4 (b) UlTjrf J; 



(7) ^8 - 2 2 7 4 3 1 
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6 = ff/2 60»^tzi±H#.VIittgiJT 2 Ur-y 
7°3-9) , 14 (c) tc^i-«t*9tz, 7r/2<0<7r 
Oif^tKiH^ViittglJT 3 (Xr77'3-10) , d 
4 (d) izm-f£ n tl, 7T < 0 < 3 tt/2 O^^Utill 
*Vf±«glJT4 (Xf77 J 3 - 1 1 ) , EU (e) tCTp 
ti^:, 0 = 3 7T /2 OJ#^ti(±TS^V(±a[!SiJT 5 

(Xf 77°3-l 2) , [U4 (f) ICtfI"* ^ 3^ 
/2 < 0 < 2 7T <7>»^H(±agUT 6 (Xf 77^3-1 
3) fcffL«iSiUo 
70 [0 0 5 7] H*VO|*lA ^74^/2*5^^3 ff /2t 
£<, iSot, H*V{±«gUT2i3j:U f T 5"Ciu^*| 
£\ 1-&*>*>, lM*V**«glJTK T3, T4, T60 
u^-f 0 R»HLEUgFU«*a***iii-C 

y y" 3 - 1 4-Xf77 4 3-l 7 ) o 
[0 0 5 8 ] COJ: ^> {i LT, nbfrfclM&V <F>ftft 

SgiJTl-T6t^ fii«iag?ii-& (xf 77'3 
- 1 8*5^^3 - 1 9) o -eit, £TOH,£Offiglj7& ? 

ri ? ggS$;ll£ 1X777^3-20) o 

[0 0 5 9 ] ORiSifia^icisit^^roiS^v 
3^/2 60%^) t&oT, Lfri>, ikrcnm&Wlir* 

v^0ff^4:*ij5gsn^o Ltf-L, Z<D <£ n 40 R« SUB 

[0 0 6 0] Z<D XtIZLX, OR}»WI3^FUi5it^ 
^>t, HI 1 OXr y 7^1 - 1 0 {ZTF-tX n \z^ OR ilS 
h«ffiiBJ:^V-t y h4ft!KT*JSS^4o ^LT, OR 

i»^naBF^a«:^■^■ev^^5:v^ ^tcti, h i ^)xf 

7 7' l - l l - l - l 4 i: J; L S/j, ^^#^T^ 
Z>m-klZl±^ ilc0XT77'l-l 5-1-2 1 (IJ: 
40 0, 0RM*[UBFO§lI^trWLTjS[lffi 

[0 0 6 1 ] OR\fi%mWtVi)m?nZ^A,X^%;^Wg 
tc(i, Xt77 p 1-1 2 Utf-T J: -9 tc N #Rti7i*JiJco 

*#is*«r^ -e-^i-pauis irnvt lt, m&viztt-r 

XACSoVtMt^. (Xf77 P l-13) 0 
[0062] 06 (a) teXV 1 (b) ii, ORiRIHa© 

50 (DiM^i^ir^tz^{zmm^n^y^^^A(Dmmm 
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6 (a) iZ^irX n iS.-SVSrtttr 2 i2U VjfcJtfV 
W3r. #i22UVisJ:t>'VW<!OSE^lfi](r^1g*idfi(t-?' 

2) o 06 (b) (iTFi-J: ^ lz y 

[0 0 6 3] dcoif £<7>fflM8£, H7C0-7n-^^-h 
K^to -Ti^-t). Tl*V£rj£tr 2?Z2 h;w) UV 

isi^VWco— ^coiSUVS:, 3EE*S (SEEK) dtz 

(17OXt7 7 0 7 - 1 ) o C^»^OJS*U' 
j£i-£»*-Tr*£ 0 1I*V fcfttr 2 3U Vis itf'VW 

o 

[0 0 6 4] ORiir|f0f^Fi::is<t£7I*V£tt 
iaV" W (EI7^Xx-y *7°7-2) o C<7)% 

[0065] zcoXnlzLX, #3 U Vis 

IT V isJ^VW 0 6 (b) UTF-r^ll, 

;HT V iJi^V" W [16 (a) [ZTFirXn 
iz^ 3c^L&v^#£-U(±, Muu* V iScfctf 1 

&^0^is*v"' t itii^iu (S5^xf7 7 o 

5- 2) o 

[0066] oRmmmmFiz&if&^x<nw,£iznL 

•7° 5 - 3 ) o 

[0 0 6 7] ^iiUitLT, OR»JHg»F7&*S*ia«:* 

a,tv^±§^u{3\ iiiicoxf77'i-i stcji^ #y 

Il*yiJ<0m#§OlI**Vfc U C1<75TI*VU1» 
1-16) o fit, 0R?«ffEl^FC0#lI*^ £B22 



(8) #BBSp8 - 2 2 7 4 3 1 

7-7' 1 - 1 7 ) o 

[0068] m^vm^u^fm^^^ 
<onste^7T x n i/j^^ttsuT 1 ttzixT 3 ^^tn 

tt5-2iv2> (xf77 s 8-4) o 
[ 0 0 6 9] C;ftlcttLT, -fXizmWZftfzTM&VCD 

J: t>*W «: ^ n -PiiflJ tr — # CO ja <7) v ^ -fM^&M X~$>2> 
m&izt± (Xr7 -7°8 - 2 tX8 - 3 ) . H^Viij^f 

20 coM^i^f&i-^^ i><ot LX, f^fftvi: TP- 
BJ (X-r-y/8-5) o 

[0 0 7 0] ^^ii, WJx.lf. 0 9 ti^-T J: ^ faft 

SrUJsiOfWti-^i:, IS* V ^r^tr— ^<7)32 VW^l 
mx&t), ffiO#lS*UisJ:^W^tttf#?axU, U 

v. wY^iifuwt^^^i^ (A^mifztxmu 
m<om&) -to*Havw*flia-r-2»*jijftvi3j: 
vwt±, mm<n&Wi&t LxmmnrMz^iz^tiz 

*f2VW<0» 4 SWk2WYJ fttt s ; t CiSfc 

[0071] zcoxniz^ ^navwco— ^03S*VtC*t 
tmsr-eii-rnfttrft— wcoaxu. uv. vw, wy 

OfJW^Sit^ <><7)i: LT, -/n-fcXBU J: oT, 
^OH^SrilSi-* i 9 JKte TP-BJ ^#-5-^^ 
* 0 "^n-tXBJi, 01 107D-f -^-hCf ^ixt 
is iQ , f^JE-f So 

[ 0 0 7 2] TP-AJ 0«14**^#$ti/iTIjSV(±. 
i£*«JtO»^U<4, 010 (a) CSti^i:, HA 
VSrfttf 2ocojS (^^ h)V) UV&XVVVfZ, 

50 JUT V iSctCKV W i: t, h ^U' 
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(b) tiTjri-J: ^ tc, TI<&V£tttr 2i2UV£J:O f VW 

[0073] zixizMLx, aasnfcisftvcoagu 

& fc* ^ £ , IS * V »e-f £ #11 * U # J: CAV 

-e i t tr # — *t <n m <d v * -r n a^^a -e * £ ^ 

^^tCioT^J^i-^ (^7 7^8-2) o fit, IS 

It, TP-AJ co«14^##Sn (xt77'8- 
3) , H*V(±, 7 e n-txAUJ; oTfRStf^ 

[00 74] Z^Xn IZLX TP-AJ 01^75^4 £ 20 

ntzm*vi>, it-km.n<nm^z{±^ hio U) \zm 

ti^i:, itz, *B/h«*o*^Hii. 010 (b) U 
H (SiSSBSi) d/ilt. ^«B4 7t«±rt«U¥fif»»S-^ 

[0 0 7 5] CCOJ: tKLT, O Rm&mteF <7)~m*V 
(omfetftt^ZiiZ Hi U&tt^n-^-v- h<7> 

tsv^itt^ tp-aj ow^tiii, lasn^i- 

1 9) o 

[0 0 7 6] ZiUZMLX, ORft^HBFOlS^VO 
77'l-20) o 

[0 0 7 7] Eli i ti, ORiPMmfcF<nm&viztti- 40 
^f7n-f t-K 111 2 it^tcoy'uJzXBlzX&ifc 

ii> ffi*?*»i-4»^H(±, HI 2 (a) U^i-J:^ 

]S*VSr#5tr2i2U V&JztfVWfc, ^M^S (Sit! 
EMI) drtflt, ORftltHff^Fcom&t^TfMfj It, 

(Ell l wxf-y 7*1 l - l ) o 
l±, 012 (b) izmirXniZ^ TI *V £*fctr 2 iSUV 
fcJtfVW** -C-ti-F*!, (SKEW) drtflt, 50 



#W¥8 - 2 2 7 4 3 1 
H^I*l«r»^¥fi 1 f*ftL"C, ^ HUT V i3j;t/W 

'a) o 

[0078] ICOi^CLT, H.AVtcWLT2ocoj» 
^V" ^\ f£Htf^lS<£<b Lrfii^iSSS^Uo - 

aa^ii^o fsia^^ 3 ooisv, v , v" {±&<D 

X n iiJWuail^t&o 1-&fc>*>, teHB^lS£<7)3£ 
? b )i><n^jft{ZiQ^xm&lz^1fc£iix\<*&fzib\z^ if 

*u-v-wcojiisiifiLa§^> ii*u^\ iM*v<ni&m 

[z3z±L<oX f &m. J £n2> 1 1 1 7S*W^ 5 \ n^vco® 

v z^mmLfzm^m&v izttfci- i±, is 
* U iznfc-f %> JH * u ' i: is * v ^ m ess s ^ ^> o 

322 V W £ L ^ imoiS * V (I -2, S * V " 

it, m&wizttfci-&^&w tm*v tcomiz^z 

CH^V rt*a§l£*t Uf7yi 1-2) , ^UlS* 

w&mzn (xr 77°i 1-3) , ^^ti^^^tiii 

rt*a^gii£ (Xf77 4 l 1-4) o iiot, 
ifOEfttLtli, U* -V -V-V" -w oje 

[0 0 7 9 ] :oJ; ^ 4fKEIBco]S*JiJo2Sii, XtJ 
HBP S £ 0 R ft Jt L fzmiz'& h ix h O R ft SUB F * ? 

R»#HBFteUf£iaJF^#(b*t 
^i^C, -en^icoORftSHBFtittLT^EIff^co 
H^yiJ^S^^S (HI (b) (^)Xf77'l-2 
2) o f IT, ^TWiKHB^]I^yiJ«rK!5E«»5<t?t 
UIUIS^- fctc J: *) , ffimf^±«StL^ (Xf 7 7°1 
-2 3) o ORSSHfFfOlOTI^^i, ^ 

[0 0 8 0] ^T<^fKmBa s £j£S*t£ ^rfSElff^tc 

o r ft» § *b iifcEiBS^ u >r v > yw&<r> 

[0 0 8 1 ] ORftSii, a^^fe'g-trNlHOfRia® 
WtLT, WfcgMi ntnt, O (nlogn) O 

[0 0 8 2] S2 (c) tlTF-rORft^HBFl^Wtr 
i±, &X<om&AzftLX, m 1 (7)7D-f-v- 
v^T«HBc7)lS*^a§i^n^^, Ell 3 (a) t:^-r 
ioolEia?K2 i7&^«:Sit*o -^«^r. ORffl 
ff;F<7)SMiil 8-C*o/^\ 1KBIB2 lfiOH^ati 
2 8W^o fit, (HI 3 (a) U^1MEEUF22 1 Sr 
ORft»-T^^i:tCj; tQ, Hi 3 (b) l^t'J"*)-^ y 
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[oo8 3] ^mmm-en. ia.«v*^iau«#aiiijs 

^ tp-aj imi-&imrzom&%3^$Lj&-t 

nit l r ssa-caa-t- set s & 0 

( WloL«^ii^ TP-AJ OJK14U^Sn 

r « JMfig ft ii-c^ife-r *:t &x £ £ 0 

[0 0 8 5] iris, ±IM6*fefc|-Ctf\ OR»»B§F* s 

^i^Uli (E^S^1SIJ^T4-T 
6) , TI*C0JR14O*iJ5e, 1~ Tl.ftV^jaofg 
• iStt^^f^^Ofl^*, HI 8 ti'^i-J: *? II* 
VtcR«i-^#lI.a:Ui3J:LKWS:, Zix**Mkts—tt<n 20 

tmonst (H*ui3 ^tmottguT i -t 6) 

[0086] HI 1 4 (i, ^|^C07n-ft- h £^ 

iM^VOaglJ^T 1-T3 Ov^f^^f*l>^\ T4- 
T6(7)^fll^t4^^^i< (Xt77'1 4-1) , 

tm* voagy^T i - t 3 <om& (Hjs^s 0 < *■ ) 
& tp-aj ^jRistts^^) <xf 7 7'i 4-4) o -r 
voofl^** 5 *- J: ^ i>i<&%:mftx~*>iux, Tp-aj 

[0 0 8 7] ^iiCltLT, ]S*VCO«glja ? T 4 -T 6 
(I,SVC0M^>ff) Kti, IS * Viz Big-*- £ 
H.£U& X tTWCOttglJ^T 1 -T 3 T4-T 40 

14-3) o fit, m^vtcK^t-^ii^u^icnv 

7'n^XB U <fc *9 i^a-f^^ TP-BJ 0«1±* ? ft 
Uf77l 4-5) o ]M*VIZ»«1-&TI£ 
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-txAIUotjait^i TP-AJ <!0«147>*#^.§ii 
£ (XT77'14-4) o 
[0 0 8 8] ^ife#lJOi#^U<i, H2 (c) U^-fO 

RiSSfFC^Lt, Hi 5 tc^i-i;^ v >^ (ffi 

3 0lS.ft»(i3 0U4r*o LT\ d*MRia»2 3 SrO 
RiSK-r&CfcUJ: *K Ell 3 (b) Ut^I" } ) *T 4 v > 

[0 0 8 9] HI 1 6 fi, ]S*VO«1t4:IH-<4*jfec0S 
T&*v<nfiBte t, T%*vizm&i-z&T%*\J&xzPw 

[0 0 9 0] i-&=b*>, H*V<7)^S^ttSU^T 1 

3<om& cm^nme <tt) ut* (^^yy°i 6- 
^jfcwtwttu, mmmmz^if&^kot lx, 

TP-AJ <7)mV$Lt%tlZ> (Xf 77°1 6-6) o 

[0 0 9 1 ] cnti^tr, a^vo^s^ C0«gUA ? T 

4 U<0<3;r/2) 0»£-Ufi. 7i*VUKJ£1-& 
#7l*Ui5J:CKW^^-rnt^lglJT 3' (n-/2 < 6< 
tt) X~%lfivl£ (Xt- v 7*1 6-2&XX/1 6-4) , 
]I*V(7)^iaof^#S:$ttirv^^t Lt T P — AJ CO 
m'&tZlvZ (Xf 77°1 6-6) o 

[0 0 9 2] LfrLtetfb, m*V<Dftmd<nm9W*T 
4 (7r<^<37r/2) -C^ot, l^Vi:Rgtl)S 
TS^UiS-ttmcOv^-rii^ttgOT 3 (tt/2 < e< 
tt) -eab^W^tcti, «giJT3 0Tl.iSUSfe(iW^J* 
iH£V<7)ftJ8fcofl]^2 ^cttQi^^v^ ^:^)^, 
]I^V(i^aof$»S:$tt^ tot LT, TP-BJ CO 
JRtttgit^ (Xt77°1 6-7) o Tl.SVcoftSOl 

OJRttil TP-AJ fc$*i4o 

[0 0 9 3 ] CliH-J:*), 0R8tiHa^S:ie*«Stjr-*-4 
»^twii, H*V<7)f*Jft 6>^\ ^-<^<3 a-/2^IHIft 

pq^^' ^\ ff /2<^' <ffO£iAt*ot, 

(6 + a 9 ) >2 fft?*£f:§t;:BBiK H^VCOJR 
fi^U TP-BJ **ft#5it4 0 ORiS^a 
ff^(3 4 5° iTtiil 3 5° (nfflmfztftf&itix^zm 

[0 0 9 4] H^VOftS^ltglJ^T 5 (^ = 3^/ 
2) 60J»>frn(i, HI 16 (b) izm~r X n II* vt: 

2<^<^-) -C**iidf (Xf7^1 6-8*3«ttKl 6- 
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9) , TIjSVC0JR14<i, TP-BJ t$n& (Xr-v-f 
1 6 - 7) o 71 ^VOftSOffglJ^T 5 (^3t/ 
2) cotl^-Cii, CO J: -9 i&ftK&ltiU*, 
«tfeti TP-AJ tSit-S (Xxw'l 6-6) o 

[0095] oRmnfflMmt-kmrn-z 
T%&v<nfone&. e = 3 ;r/2<oiH]ft"e* 

^i30f£SF$:$lt£ tot LT, TP-BJ OJS^fe £ 
^Uo fct, OR if if Eiffel 4 5° ifclil 3 5° O 
sS&ffl fc' i t ^ S ii T v > £ 41 ^ t d it , II* V O ft jg # a* 2 
7 0° T^ot, lS^Ui^iiWOftS^ , < f 13 5° 
Otlr^UCO^ -foil* Vii3^iaot^#«: ^ tt* Ot 

[0 0 9 6] H^VOftJSOffiglJ^T 6 (3;r/2<0 
< 2 tt) 0»^tCi±, m 1 6 (c ) (iTp-TJ: -9 (1, 71* 
V UBSt <£> &TS * U & J: cnvo ^-rtifr&mft} T 2 

(0 = ;r/2) S£tiT3 U/2<0<7r) T"*^if 

(Xf7 V°l 6- 1 O&Xtfl 6 - 1 2) . TM^VOJR 
TP-BJ t£il2> (X^y-7°16-7) o i 
^ > If * V U -f h &7f * U J3 <fc im<7> ^tn 3^t&*« 
glJTl (O<0<;r/2) «glJT 1 <7>7I*U 

i^l±WOftSi:TS^:VOftJKfcOfP^2 *■ <t 0 
v^t (Xr >7 71 6 - 1 1*5 J: CM 6 - 1 3) , S^V 
C9JR14ti, TP-BJ t$ti2> (X-rv7l6-7) o 
H*VC0ftJSO«[glJ^T 6W»^ (3;r/2<0<2 
tt) T*(i, CO J: ^ 4^frtl^oTv^v^, 7l*V 

&ffl*>«#«:£tt&v*«>Ofc LT. TP-AJ <om 
ttkSix* (Xf77°l 6-6) o 

[0 0 9 7] cntcj;^ OR^*K^!£*itft^ 
H*VOI*|ft^^ 3;r/2<6><2;r<7>[H] 
ftT**K L K^i-^lS^Ui^iiWco^ra^ 
^ftfttf' rr/2^0' <7rO£IiftT-*-2>3Js il 

<(i, 02<^' <7r/20£hftt {6 + 6* ) >2;r 
-C*^> t ^UH*9, H*V(i3^iac0i$#S:Sit^ tot 

it tp-bj o«tt**##siL-&o tto-c, oRmn 

HBU4 5° tfclil 3 5° O^a^it^iatv^ 

m&w±. m^voftjt^ = 3 is 0 . msuiTtiiw 
(Dftme* =90° cot£, ifcii, n*voftje^ = 

3 15°, Ifj&UifcJiWCOftjK*' =135° Ofc § 
icco^, »^i^|:itl)4oi:Lt, -7'n-trXBU 

[0 0 9 8] **lfe«T«±. lf&VO«ttl±, *tJCi-4 
IfiEHBoiS** 1 ^fiit^/Si-^yn-txA^^ifei-^ 
# TP-AJ <b, 3o±ftf^ 
^ntXBSrjJftt^S TP-BJ i: 
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[0099] L3»*t, $mi&i%^EiM<7>m&izi± % 

4 5° fcj^l 3 5° O^fiSL^iiv^igBCWL-C 
<>, 2ooffl.ftoftS (J£*i»*<o»^jz(irt 

ftoftJS, ^|/N*»<7)it^t;{i^ftcoft«) 0*5 Jtf 
<9 ' <0&<fc£- 0 = 2 7 0° 0*0 ' =135 
° 6 = 3 1 5° =90° <h, 0 = 315 

70 ° fcW^ =135° 0 3®i9 0tf ^tlPlfbn, ftS 

$iL^>j:-9t; TP-BJ {zfrmziu i&<r>m^J± TP- 
AJ tc5MK£*L£ 0 

[0 10 0] SeoT, ***«-C(±, fEHBOTI^a 
t^n 0 R^^Uff^OTl^t'irt Lt 3 oolSH^OTljSri* 
^JiESit^yn-fcxB^afflS^sajli TP-BJ 

-T ^> 0# PbI «: * L < S *g -t ^> C k ?T ffi U i& o 
20 [0 10 1] **tfe15U04&&tz(i, [12 (c) tCTj^-tO 
RiMiFCH-Lt, 01 7i:*t'Jt>fy>^ (t£ 

FOjggTI^ai 8 1C^LT, 1EBI®2 4 0lM(i2 2 
Ci&fK 4o<7)H^^±SinLtv^t:i-^^v^ 0 -f- L 
t, CC0fEEIff^2 4 SrOR«»t^CtCJ: *9 , Hi 3 
(b) i:^t'J^>fy>^ (ffi*) ai2 2W^ii 

[0102] fct, *faffl* s t)O#v^BBSft^ 0 -^->o 
[0 10 3] 

COJ:^tc N A^d^ti^Lt^^int 

fOMi:JtLt3 oofi0J^E§^Mt^ «fc ^ U 
40 Ltv^o Sot, Atl[llii:»^^ittv^tk 

* f t- * r , foi^oR * iftiaf fc-r h c t * ? -e 

[0 10 4] m*^HZ20fJ#^S(t^^t^^ii, 

oTJplSt^Ct^*^^ -E-OH^OftJSfc-f-OlI 

lI-ftoftat*oiIAti|»fti--6^iH^oftKfc, 
50 -r^>H^<7)^-f ii^— ^k t fcoiS.SOftJKfcoflHC* 
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o*^r*iJ^"f 5Cti; J: 13 , 3o<7)jg[3BO]f 

m^m^x^o-m, mnznr, ^<n&<DORmn*&m 

[01] (a) (b) (i, -Hi-Pft, 

[[32] (a) (J, LSI ^ — ><7)— 0[K 

(b) l^^7X^A^->iOCADyXr/.i:A*^ 70 
n^X^BIB, (c) <i*OX*H»*0R«#LT» 

[14] (a) - (f) ii, {-nfll, ORfctftEUfcCO 

[m 5 ] or mnrnmrnm *&A,x^%^m&<7><t:<r> 

*-i>y°n-trx AO^|ilS^^i--7n-^-v- h-C*>& 0 20 
[1161 (a) isj:^ (b) ii, -tii-pn, ^o-txA 

[07] oRmnrnftn ztgn^mo 

IH8] OR««iaJB<0«.lI^**. »iao»#S:5(t* 

t O ^ ^ rt^JKtt * te1- £ # Jill <7> — W * ^i" V n - 

[H9] OR»»HBU^ft*lI*^aoie»*$lt 

[mi 0] (a) isiyf (d) t±, -g-n-r^i, jo 

trOR»»igBlcfcNt*^co«»tS(tiv>lI,«UW 

(b) is J: 

(c) ti. mn*i$tsORmnmm^&rtz> 

[Bl 1] OR?*»HBOTH*U*ti-*lRig^]Bjft 
[Hi 21 (a) is* 1Mb) li. -Pti-Ptu -f-co-/n 

■t ^ b u j: h \&mft<n^&<D^^m<nmmmx&& 0 40 

[HI 31 (a) (i, 02 (c) t:^tORiI*EIJ^ 

(b) i±^<D\RmwtiORmM.Lx'&hK&$fc±mnm 

[014] OR«»Elf^#iI*^ *W3£>f£#*:5:lt 

[HI 5] H 2 (c) CtkI-OR^SHBU^^T^ 
[HI 6] (a) - (c) i±, -Ht-Ptu ORi&HHB 50 
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[HI 7] 0 2 (c) U^i"OR«*lll5^ti*crv^r*. 

[HIS] (a) l±vx^/^->(?)XSa»0-M, 
(b) {i-pcoSfcfcH?^ (c) (±-?-0«<aH?B^*4o 
[019] (a) - (g) <i, -Ptt-Pft, A^0^<7>}£ 

saunas* fetist/haitfiia^KWiaT^io 

[02 0] (a) (i, vx^*-><A|M^fflPBS:tfcffiE 
i-^>^coA^0Bco-CT, (b) it, *<n\-fimitZ<r>& 
-kWBs (c) i±, */MHHIS:»JELT^^^^»55 h Ott 

[02 1] (a) ti, ^X^/^-X^ft/jMpi^ftlEi- 
£P£OA^0ff^-H?!k (b) ti. -ecoA^Hff^SS/h 
0®, (c) ti, «/h(S«ril9SLTv^v^sr^<0Bt^[a 

[022] (a) ii. mmmmm*is\&-fz>m<r>xt} 

mMcD-$L (b) i±. ^<OA^0ffJOt£^:0ff^ 

'I) O 

[02 3] (a) ta, y v^^r**i-^P^OA*H^co 
-00, (b) td\ fO^ii^ttiB, (c) (±, 

[02 4] (a) (b) (i, -Pft-PJt, ORi^# 

[H2 si (a) i3<tr>* (b) (±, -Pft-pn* ee*ft2 

-S o 

[02 61 (a) i3J:lMb) td\ -p*i-Pft, 3 

[02 7] (a) - (c) it, Zi\*ri\^ ORW* 
3?"C*£ C tcolfiWEIT-ab&o 
[02 81 (a) (i-rx ><r>x?imw<r)— #!k 
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